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LETTER  OF  TRANSMITTAL. 


CAMBBiDaE,  Mass.,  January  13, 1886. 

Sib  :  I  have  the  honor  to  trausmit  for  publication  as  a  bulletin  of 
the  Survey  the  inclosed  systematic  review  of  our  present  knowledge  of 
fossil  insects,  including  myriapods  »nd  arachnids. 

While  much  fuller  in  the  modern  orders  and  families,  the  following 
pages  represent  the  English  text  furnished  to  Dr.  Zittel  for  his  Hand- 
bnch  der  PalsBontologie,  where  the  section  forms  the  closing  pages  of 
the  second  part  of  the  first  volume  (pp.  721-831)  and  is  accompanied  by 
more  than  two  hundred  illustrations.  The  present  bulletin  is  issued, 
with  the  concurrence  of  Dr.  Zittel  and  the  publisher  of  the  Handbuch, 
for  the  convenience  of  English  readers.  A  French  version,  under  the 
aaspices  of  M.  Barrels,  is  also  in  course  of  simultaneous  publication. 
The  present  is  its  original  form  and  is  the  authoritative  English  edition. 
I  am,  very  truly,  yours, 

SAMJBL  H.  SOUDDEE. 
Hon.  J.  W.  Powell, 

Director  United  States  G^eological  Survey. 
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MYRIAPODA. 

BIBLIOGBAPHT. 

BertkoM,  P,  Einige  SpinneD  und  ein  Myriiipode  ana  der  Braankohle  von  Bott.  Yer- 
hftndl.d.natnrh.yereiu8  d.  preufw.  Rlieiul.  (4.]  BandlY.  Taf.  5.  8to.  Bonn, 
1878b 

DavBOH,  «r.  7F.  On  a  chilognatbons  myriapod  from  the  coal  formation  of  Nova  Scotia 
Qaart.Jonrn.6eol.8oc.    Lond.    Vol.  XVI.    Figs.    8vo.    London,  1869. 

Dohrn^  A,  Julus  Brassi.  Verhandl.  d.  natnrh.  Vereins  d.  prenss.  Rheinl.  [3. ]  Band 
V.    Taf.  6.    8vo.     Bonn,  1868. 

Gie6e2,  C.  O.  Die  Insecten  und  Spinnen  [incl.  Myriopoden]  der  Vorwelt.  8yo.  Leip- 
zig, 1856. 

Koeh,  C.  L,,  and  Berendt,  J.  C.  Die  im  Bernstein  befindlichen  Crustaceen,  Myri- 
apoden,  Arachniden  und  Apteren  der  Vorwelt.  17  plates  (2  Myriap. ).  Fol.  Berlin, 
1854.    Contains  many  additions  by  Menge. 

Metk,  F.  B.f  and  WorthMj  A,  H,  Articulated  fossils  of  the  cool  measures.  Oeol. 
Survey  of  Illinois.    Vol.IIL    Figs.    8vo.    Springfield,  1868. 

Peach,  B.  N,  On  some  fossil  myriai)ods  from  the  lower  old  red  sandstone  of  Forfar- 
shire.   Proc.  Roy.  Phys.  Soc.  Edinb.    Vol.  VII.    PI.  2.    8vo.    Edinburgh,  1882. 

Scudder,  S.  H,  On  the  Carboniferons  myriapods  preserved  in  the  Sigillarian  stamps 
of  Nova  Scotia.     Mem.  Bost.  Soc.  Nat.  Hist.   Vol.11.    Figs.    4to.    Boston,  1873. 

Archipolypoda,  a  subordinal  type  of  spined  myriapods  from  the  CarboniferouH 

formation.    Ibid.    Vol.  III.    PI.  10-13.    4to.    Boston,  1882. 

The  affinities  of  Palffiocampa.    American  Joum .  Science.     [3.  J    Vol.  XXIV. 

8vo.    New  Haven,  1882. 

Two  new  and  diverse  types  of  Carboniferous  myriapods.     Mem.  Bost.  Soc. 


Nat- Hist.     Vol.m.    PI.  26-27.     4to.    Boston,  1884. 
Woodward,  H.    On  Euphoberia  Brownii.    Geol.  Mag.    Vol.  VIII.    PI.  3.    8vo.    Lon- 
don, 1.S71. 

CHARACTERISTICS  AND  PHYLOGENY. 

Myriapoda  are  vermiform  articulates  in  which  the  head  proper  is  com- 
posed of  a  single  mass  (sometimes  supplemented  by  subsidiary  parts 
borrowed  from  the  segments  immediately  succeeding  the  hea^),  while 
the  rest  of  the  body  is  composed  of  a  series,  generally  of  a  long  series,  of 
very  similar  rings,  each  bearing  one  or  two  pairs  of  jointed  legs,  termi- 
nating in  a  claw,  with  rare  exceptions  single.  No  thorax  is  differentia  ted. 
The  head  is  furnished  with  short  and  generally  very  simple  auteunsB) 
agglomerated  ocelli,  and  two  pairs  of  movable  organs  forming  the 
month.    In  one  group  (Chilopoda)  two  pairs  of  appendages  on  succeed- 

(9) 


Digitized  by 


Google 


10  REVIEW   OF   FOSSIL   INSECTS.  [bull.  31. 

JDg  rings  become  Bubservient  to  manducation.  Eespiration  is  effected 
tbrough  spiracles  ou  tbe  body  segments.^  The  body  is  asaally  hard 
and  chitinoas. 

Our  knowledge  of  the  morphology,  systematic  position,  and  extent  of 
the  Myriapoda  has  been  greatly  increased  within  a  recent  period.  The 
discovery  of  the  minute  Pauropus  by  Lubbock  and  the  study  of  this 
and  allied  forms  by  Byder  and  others  have  led  to  the  establishment 
of  the  Tauropoda  as  a  type  of  living  myriapods  of  equal  taxonomic 
value  with  the  two  groups  Ghilopoda  and  Diplopoda,  which  had  long 
been  looked  upon  as  the  only  divisions  of  the  group.  Modern  investiga- 
tions into  the  structure  of  the  anomalous  Peripatus  have  extended  our 
ideas  concerning  the  types  allied  to  the  Myriapoda ;  while  the  strange 
forms  revealed  by  recent  researches  in  the  Carboniferous  and  Devonian 
faunas  have  compelled  us  to  recognize  a  wider  range  in  its  structure 
and  a  multiplication  of  its  primary  groups.  The  relations  of  Ancient 
to  modern  forms  of  life  prove  far  more  importiint  and  interesting  in 
the  Myriapoda  than  in  either  tbe  Arachnida  or  the  Hexapodar.  That 
these  relations  are  equally  puzzling  will  appear  from  a  brief  review  <tf 
the  structure  and  development  of  the  different  groups. 

In  the  early  life  of  the  Pauropoda  and  of  the  Diplopoda  we  have 
what  may  be  fairly  considered  a  true  larval  form,  in  which,  for  a  brief 
period  after  leaving  the  egg,  the  body,  much  shorter  than  in  after-life, 
is  provided  with  three  pairs  of  legs  borne  upon  the  anterior  segments 
of  the  body.  These  segments  are  never  more  fully  provided  with  legs, 
though  most  of  the  segments  posterior  to  them,  both  those  which  exist 
during  this  larval  period  and  those  which  originate  subsequently,  bear 
each  two  pairs.  In  the  Ohilopoda,  ou  the  other  hand,  although  the  ap- 
pendages of  the  anterior  segments  develop  earlier  than  those  behind 
thera,  there  is  no  true  larval  condition,  or  perhaps  one  may  say  a  larval 
condition  is  permanent,  in  that  the  same  anterior  legs  become  early  and 
])ermanently  developed  as  organs  subsidiary  to  manducation,  while  each 
segment  of  the  hinder  part  of  the  body  develops  only  a  single  pair  of 
legs. 

The  larval  condition  and  resultant  more  or  less  highly  developed  met- 
amorphosis of  the  higher  Hexapoda  have  been  looked  upon  by  many 
afl  secondai^  after-developments,  which  therefore  in  no  sense  give  any 
clew  to  the  historical  development  of  the  group,  such  as  we  frequently 
find  mirrored  in  the  embryonic  growth  of  other  animals.  This  view 
seems  to  be  supported  by  a  comparison  of  the  modern  and  ancient 
types  of  Myriapoda.  The  larval  characteristics  of  the  young  of  living 
types  of  Myriapoda,  marvelously  analogous  in  their  main  features 
to  those  of  the  larvae  of  even  the  higher  Hexapoda,  are  confined  to 
the  apodal  nature  of  the  abbreviated  abdomen,  and  more  particularly 
to  the  specialized  development  of  appendages  on  the  segments  directly 

*  Tracheal  openings  have  not  been  observed,  however,  in  the  Pauropoda. 
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fqllowing  the  head.  This  specialized  condition  of  the  anterior  segments 
is^  in  a  sense,  analogous  to  the  structure  of  the  thorax  of  the  Hexapoda, 
and  16  persistent  throughout  life:  in  the  Chilopoda  in  a  marked  man- 
ner, in  the  other  groups  by  the  isolation  of  these  segments  as  bearing 
each  bat  a  single  pair  of  legs,  l^ow,  nothing  of  this  specialization  ap- 
pears in  the  Paleozoic  types,  of  which  of  course  we  know  only  the  ma- 
ture forms ;  but  the  segments  following  the  head  differ  in  no  point 
whatever  from  those  of  the  remainder  of  the  body  in  the  character  and 
number  of  their  appendages.  In  one  type,  the  Archipolypoda,  corre- 
sponding in  a  measure  to  the  living  type  of  Diplopoda,  two  pairs  of  legs 
are  borne  on  every  segment ;  while  on  each  segment  of  the  other,  the 
Protosyngnatha,  corresponding  in  a  similar  way  to  the  Chilopoda,  a 
single  pair  of  legs  is  found.  If,  then,  we  look  upon  the  specialization 
of  the  segments  (or  the  appendages  of  the  segments)  immediately  fol- 
lowing the  head  in  living  myriapodan  types  as  a  secondary  develop- 
ment, or,  we  may  say,  as  the  initiatory  stage  in  an  acquiring  meta- 
morphosis, then  we  may  perhaps  consider  the  Archipolypoda  as  the 
true  prototypes  of  the  Diplopoda  and  possibly  also  of  the  Pauropoda, 
and  the  Protosyngnatha  as  the  prototypes  of  the  Chilopoda. 

In  this  view,  one  principal  distinction  between  the  modern  Diplopo<la 
and  Chilopoda  is  shown  to  have  existed  from  Paleozoic  times,  viz,  that 
in  one  group  there  are,  over  most  of  the  body,  to  each  dorsal  scute  two 
ventral  scutes,  each  bearing  a  pair  of  legs ;  in  the  other  group  a  single 
ventral  scute  with  a  single  pair  of  legs;  and  it  becomes  interesting  to 
inquire  whether  we  can  discover  any  indication  of  the  condition  of  things 
from  which  this  diversity  of  structure  arose  and  what  was  the  line  of 
development  through  which  it  passed.  It  will  also  help  to  determine 
the  question  whether  the  dorsal  or  the  ventral  scutes  of  the  Diplopoda 
are  to  be  looked  upon  as  the  homologues  of  those  of  the  Chilopoda ;  or, 
in  other  words,  whether  the  dorsal  scutes  of  the  Diplopoda  are  compound 
or  the  ventral  scutes  of  the  same  are  to  be  looked  upon  as  subsegments. 

It  should  be  remarked  at  the  outset  that  what  we  know  of  the  em- 
bryology of  recent  types  shows  that  in  the  Diplopoda  two  pairs  of  legs, 
in  the  Chilopoda  one  pair,  arise  from  each  original  body  somite  be- 
yond the  front  portion  of  the  body.  This  would  indicate  that  the  dor- 
sal scutes  of  the  two  groups  are  homologous  and  that  the  ventral  scutes 
of  the  Diplopoda  should  be  looked  upon  as  representing  subsegments. 
This,  however,  is  not  the  answer  indicated  by  the  paleontological  evi- 
dence, nor  is  it  what  we  should  expect,  among  other  things,  from  the 
presence  of  stigmata  on  each  of  the  ventral  scutes  in  Diplopoda.*  All 
the  Carboniferous  Archipolypoda  show  a  clear  indication  of  the  com- 
pound nature  of  the  segments.  Not  only  were  the  ventral  scutes  far 
'  more  important  and  extensive  than  in  the  modern  Diplopoda,  but  some 
at  least  of  the  genera,  in  addition  to  large  stigmata  outside  the  legs, 
^  They  are  only  borne  in  general  on  alternate  segments  in  Chilopoda. 
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bore  a  pair  of  segmental  organs  next  the  medioventral  line  on  each 
ventral  scate;  the  dorsal  scute  was  also  distinctly  divided  into  two 
areas,  an  anterior  and  a  posterior.  In  some  types  this  latter  distinc- 
tion was  more  marked  than  in  others,  in  some  being  carried  so  far  that 
under  certain  conditions  of  preservation  one  would  readily  take  them 
to  be  entirely  separate;  and  this  indeed  appears  to  be  absolutely  the 
case  in  the  older  Devonian  forms,  from  the  lower  old  red  sandstone  of 
Scotland.  These  show  an  apparently  complete  demarkation  of  the  dor- 
sal as  well  as  of  the  ventral  scutes  of  each  segment,  and  present  there- 
fore a  series  of  alternating  larger  and  smaller  segments,  the  larger 
bearing  all  the  dorsal  cuticular  outgrowths,  but  each  bearing  a  single 
pair  of  legs.  Of  this  primal  condition  of  the  body  segments  the  em- 
bryology of  modem  types  gives  no  hint,  its  earliest  indications  show- 
ing nothing  anterior  to  what  must  have  been  the  condition  of  things 
wholly  posterior  to  the  Paleozoic  epoch,  at  least  so  far  as  the  diplopodan 
series  is  concerned  ;  nothing  anterior,  indeed,  t6  the  fixed  condition  of 
the  present  type.  This  indicates  that  the  present  dorsal  scutes  of 
Diplopoda  are  compound  and  formed  of  two  originally  distinct  scutes ; 
and  that,  as  a  later  development  of  a  similar  sort,  the  ventral  scutes  of 
the  anterior  segments  have  likewise^  consolidated  and  lost  each  one  pair 
of  appendages.  , 

Under  this  view  the  line  whijch  we  follow  back  from  the  Chilopoda 
through  the  Protosyngnatha  is  the  more  nearly  aUied  to  the  simple  stock 
type.  Yet  it  is  the  other  line  which  has  been  found  earliest  in  the  rocks, 
clearly  showing  that  the  actual  origin  of  the  myriapodan  phylum  must 
be  looked  for  at  the  very  first  appearance  of  land  animals ;  indeed,  the 
evidence  that  some  of  the  Carboniferous  types  were  amphibious  may 
warrant  our  belief  that  the  type  may  have  fairly  originated  among 
aquatic  animals. 

Fossil  Myriapoda  were  first  made  known  from  the  Carboniferous  rocks 
when  Westwood  figured,  in  Brodie's  work  on  the  older  fossil  insects  of 
England,  the  remains  of  what  he  supposed  to  be  a  lepidopterous  larva. 
There  had  been  indeed  earlier  references,  by  name  merely,  to  Tertiary 
Myriapoda  fi'om  amber  and  from  Aix  (by  Serres),  but  it  was  not  until  the 
publications,  thirty  years  ago,  of  Koch,  Berendt,  and  Menge  that  the 
amber  species  were  known,  and  to  them  hardly  any  additions  have  since 
been  made.  In  1859  Sir  William  Dawson  published  the  first  account 
of  a  Paleozoic  myriapod  recognized  as  such,  and  since  1868  our  horizon, 
as  regards  the  older  forms,  has  been  widened  materially  by  the.publi- 
cations  of  Messrs.  Dohrn,  Meek  and  Worthen,  Peach,  Scudder,  and 
Woodward,  until  to-day  the  number  of  forms  known  from  Pretertiary 
deposits  is  nearly  as  great  as  that  from  the  Tertiary. 

The  oldest  known  are  those  described  by  Page  and  by  Peach  from  the  « 
lower  old  red  sandstoneof  Scotland,  two  species  belonging  to  the  Archi- 
polypoda.    In  Ihe  Carboniferous  formation  the  Archipolypoda  culmi- 
nate, showing  a  considerabje  variety  of  generic  types  distinct  from  those 
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of  the  Devonian  and  embracing  nearly  thirty  species,  of  which  by  far 
the  greater  number  eome  from  America,  and  the  few  remaining  ones 
flpom  Great  Britain,  with  possibly  a  single  species  from  Germany.  Fonr 
species,  imperfectly  known,  which  have  been  referred  to  Julus  and 
which  come  from  the  Permian  of  Central  Europe,  may  belong  to  the 
Archipolypoda.  The  only  Mesozoic  forms  knowu  are  JulopsU  cretacea 
of  Heer,  from  Greenland,  which  is  either  an  archipolypod  or  a  diplopod 
(it  is  impossible  to  tell  which),  and  the  uncertain  Oeophihis  proaviut  of 
Miinster,  from  Solenhofen,  which  is  probably  to  be  looked  upon  as  a 
nereid  worm. 

The  Tertiary  species  are  still  known  almost  entirely  from  the  work 
of  Koch  and  Berendt  and  belong  entirely  to  the  Diplopoda  and  the  Chi- 
lopoda,  the  larger  proportion  to  the  former.  A  few  species,  however, 
have  been  indicated  from  Aix,  a  single  one  described  from  the  brown 
coal  of  Bott  and  one  from  the  Green  River  deposits  of  North  America. 

The  following  table  presents  a  view  of  the  distribution  of  the  Myri- 
apoda  in  time : 

Geological  distribution  of  Myriapoda.^ 


Oroapa. 


Paleosoio. 


i 


Mesosolc 


Cenoxoio. 


! 


Protoayngnatha . 

CUlopod* 

Arohipolypod*... 

Diplopoda 

FftoTopoda 


a») 
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>  The  figims  xeprewnt  the  nrnnber  of  Bpeoies. 

1.  Order  PK0T08TVOHATHA  Scudder. 

Paleozoic  myriapods,  with  a  cylindrical,  not  very  elongated  body, 
composed  of  few  segments,  the  head  appendages  borne  upon  a  single 
apparent  segment ;  each  body  segment,  including  those  immediately 
behind  the  head,  composed  of  a  single  dorsal  and  a  single  ventral  plate 
of  equal  length  and  of  subequal  breadth ;  each  segment  has  a  pair  of 
widely-separated,  stout,  fleshy  legs ;  and,  above,  large  tubercles  sup- 
porting a  cluster  of  long  needles  are  arranged  in  longitudinal  rows. 

This  group  of  ancient  myriapods  is  known  through  a  single  form 
found  sparingly  in  a  single  locality  in  America.  It  was  at  first  looked 
upon  as  the  caterpillar  of  a  lepidopterous  insect  (as  was  also  the  case 
with  the  longest  known  archipolypod)  and  afterward  as  a  worm.  Its 
armature  seems  even  stranger  for  a  myriapod  than  the  spines  of  the 
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Archipolypoda,  and  the  intimate  structure  of  the  single  needles  is  re- 
markably complicated. 

PalcBocampa  Meek  and  Worthen.  Body  composed  of  ten  segments ; 
spreading  fascicles  of  needle-like  spines  arranged  in  dorsolateral  and 
lateral  rows,  one  to  a  segment  in  each  row ;  needles  exceedingly  slende  r, 
scarcely  tapering,  blunt  at  tip,  and  very  regularly  divided  by  longitud- 
inal serrated  ridges.  The  spines  are  only  a  tenth  of  a  millimeter  iu 
diameter ;  those  on  the  front  segments  are  directed  forward  and  those 
on  the  last  segments  backward,  giving  specimens  which  are  well  pre- 
served a  very  close  general  resemblance  to  a  caterpillar  of  the  genus 
Arctia.    Palasooampa  anthraa  Meek  and  Worthen,  Mazon  Greek,  111. 

2.  Order  GHILOFODA  Latreille. 

Body  elongated,  more  or  less  depressed,  of  nearly  uniform  width, 
composed  of  many  segments,  the  head  appendages  borne  upon  two  or 
more  apparent  segments,  the  anterior  teet  being  transformed  into 
organs  subsidiary  to  manducation;  each  body  segment  composed  of 
a  single  large  dorsal  and  almost  equally  large  ventral  plate  connected 
by  membranous  cuticle,  to  which  are  attached  a  single  pair  of  legs  on 
each  segment  and  a  spiracle  generally  on  alternate  segments.  The  legs 
are,  therefore,  lateral  and  widely  separated  at  base.  'So  spines  are 
present,  but  sometimes  lateral  expansions  of  the  dorsal  plate.  Sexual 
organs  at  posterior  extremity  of  body. 

With  the  exception  of  the  dubiou^  OeopMlus  proavua  Miinster,  from 
the  Jura  of  Solenhofen,  which  is  probably  not  a  myriapod  at  all,  the 
earliest  appearance  of  this  type  of  existing  myiiapods  is  in  the  amber 
deposits  of  Prussia,  where  a  considerable  number  of  species  have  been 
found,  nearly  equaling,  indeed,  the  Diplopoda  of  the  same  deposits,  al- 
though, at  the  present  day,  the  latter  group  far  outnumbers  them.  A 
few  specimens  referred  to  Scolopendra  have  been  reported  from  other 
Tertiary  beds  in  Europe. 

GermatiidcB.—Two  species  of  Cermatia  occur  in  amber. 

LithobiidcB, — A  considerable  number  of  species,  all  referred  to  Litho- 
bius,  have  been  found  in  amber.  Koch  and  Berendt  describe  and  figure 
three  species,  to  which  Menge  adds  seven  others  very  briefly  described 
in  notes  to  Berendt's  work.  The  genus  is,  therefore,  the  richest  in 
species  among  Tertiary  myriapods. 

Scolopendridce, — Menge  describes  a  single  species  of  Scolopendra  from 
amber  and  mentions  a  second.  Seudel  also  figures  one  from  amber, 
and  it  is  referred  to  by  subsequent  authors.  According  to  Keferstein, 
Aldrovaudus  mentions  the  discovery  of  a  fossil  Scolopendra  near  Glarus, 
Switzerland,  aiyl  Hope  inentions  one  as  found  at  Aix. 

Oeophilidce. — Three  species  of  Geophilus  are  briefly  described  by 
Menge  from  amber,  but  none  of  these  have  been  figured.     Geophilm 
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proavus  Miinster,  from  the  Jura  of  Soleubofen,  is,  as  stated  above,  du- 
bious, but,  if  it  belongs  to  the  myriapods,  it  will  probably  fall  in  this 
place. 

3.  Order  AKCHIPOLTPODA  Scudder. 

Paleozoic  myriapods,  with  a  fusiform  elongated  body,  largest  at  the 
middle  of  the  anterior  half  or  third,  composed  of  many  segments ;  the 
head  apx)6ndage8  borne  upon  a  single  apparent  segment;  the  body  seg- 
ments, including  those  immediately  behind  the  head,  composed  of  a 
pair  of  ventral  plates  and  a  more  or  less  divided  dorsal  plate,  the  latter 
occupying  the  upper  surface  and  most  of  the  sides  of  the  body  and 
divided  more  or  less  conspicuously  into  a  ridged  anterior  and  a  lower 
posterior  portion,  the  anterior  frequently  bearing  spines  or  tubercles; 
the  ventral  plates  as  broad  as  the  body,  each  l)eanng  a  pair  of  long 
corneous  legs  approximated  at  base  and  famished  outside  of  them  with 
large  spiracles,  the  mouth  of  which  lies  transverse  to  the  body. 

This  is  the  most  important  group  of  ancient  myriapods,  having  been 
well  represented  in  the  Paleozoic  rocks,  though  unknown  later.  In- 
deedj  with  a  single  exception,  all  the  known  Paleozoic  myriapods  be- 
fonged  to  this  type,  and  several  families  are  known,  *of  which  one 
belonged  exclusively  to  the  Devonian.  The  Carboniferous  Archipoly- 
poda  appear  to  have  been  fi^r  more  numerous  ni  the  ]Sew  than  in  the 
Old  World. 

1.  Family  ArohidesmidsB  Peach. 

Dorsal  plates  hardly  consolidated,  the  two  portions  appearing  as  if 
forming  completely  distinct  parts,  but  the  anterior  marked  by  its  greater 
importance  and  development.  Body  supplied  with  more  or  less  marked 
laterally  expanding  lamellae  on  the  anterior  division  of  the  segments. 

This  group  of  ancient  myriapods  is  confined,  as  far  as  known,  to  the 
Devonian  formations  of  Scotland. 

Kampecaria  Page.  Body  cylindrical  or  slightly  depressed,  tapering 
but  little  aiiteriorly;  lateral  lamellae  inconspicuous,  the  anterior  sub- 
segments  not  greatly  larger  than  the  posterior.  Kampecaris  Forfarensis 
Page,  from  the  lower  old  red  sandstone  of  Forfarshire,  i  cotlaud.  This 
species  was  taken  by  Page  for  an  isopod  crustacean,  but  referred  to  its 
true  position  by  Peach. 

Archidesmns  Peach.  Body  fusiform,  depressed,  tbe  anterior  subseg- 
ment  much  larger  than  the  posterior,  its  pleural  walls  produced  laterally 
into  large  rounded  lamellae.  Arehidesmus  Macnicoli  Peach,  from  the 
same  locality  as  the  preceding. 

2.  Family  EnphoberidsB  Scudder. 

Dorsal  plates  more  or  less  closely  consolidated,  but  distinctly  separa- 
ble into  two  portions,  one  much  more  elevated  than  the  other.    Body 
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armed  with  large  spines,  often  forked,  occasionally  reduced  4;o  broad 
tubercles,  extending  in  several  longitudinal  series. 

This  family  of  Carboniferous  Myriapoda  includes  the  gigantic  bristling 
species,  some  of  which,  at  least,  were  amphibious,  being  provided  with 
segmental  organs,  which  were  apparently  branchial  in  character,  besides 
oixlinar^'  spiracles,  and  with  lamellate  legs  adapts  for  either  aquatic  or 
terrestrial  locomotion.  They  appear  to  have  been  far  more  abundant  in 
the  New  World  than  in  the  Old,  and  in  the  latter  are  little  or  not  at  all 
known  outside  of  Great  Britain. 

Acantherpestea  Meek  and  Worth.  Spines  bifurcate  at  tip  and  ar- 
ranged in  dorsal,  pleurodorsal,  and  lateral  rows;  segments  three  or 
more  than  three  times  as  broad  as  long.  Acantherpeates  major  Meek  and 
Worth.,  Mazon  Greek.  This  species  attained  the  extraordinary  length 
of  three  decimeters  and  was  armed  with  coarse  branching  spines  more 
than  a  centimeter  long.  It  was  on  this  species  that  the  problematical 
segmental  organs  were  found,  consisting  of  a  pair  of  subtriangular, 
rounded,  approximated,  infundibuliform  openings  on  either  side  of  the 
median  line  between  the  legs  and  much  smaller  than  the  linear  stigmata. 
A.  Brodiei  Scudd.,  Coalbrookdale,  Eng.  This  species  was  considered  at 
first  by  Westwood  as  the  caterpillar  of  one  of  the  Saturnidse,  a  family 
of  Lepidoptera;  afterwards,  by  Woodward,  as  one  of  the  Merostomata. 
Perhaps  Chonionotus  mhanthrtuns  Jordan,  from  Saarbrtick,  belongs  here- 

Euphoheria  Meek  and  Worth.  Spines  spinuliferous,  but  with  a  single- 
pointed  tip,  arranged  in  subdorsal  and  lateral  rows ;  segments  gener- 
ally from  two  to  three  times  broader  than  long.  About  a  dozen  species 
are  known,  mostly  from  Mazon  Creek,  111.  Two  species  occur  in  Eng- 
land. 

Amynilispes  Scudd.  Spines  simple,  arranged  in  dorsolateral  rows ; 
segments  four  times  as  broad  as  long.  Amyniliapes  Wortheni  Scudd., 
from  Mazon  Creek. 

Eileticus  Scudd.  No  spines,  but  large  low  tubercles,  serially  ar- 
ranged ;  segments  few,  less  than  twice  as  broad  as  long.  EiUticus  an- 
thradnus  Scudd.,  from  Mazon  Creek. 

3.  Family  ArchinlidsB  Scudder. 

Dorsal  plates  closely  consolidated,  but  still  distinctly  separable, 
though  the  anterior  is  rarely  elevated  much  above  the  other.  Body  al- 
most smooth  or  covered  more  or  less  abundantly  with  serially-disposed 
papillae,  from  which  in  some  cases  hairs  or  small  spines  arise. 

The  members  of  this  family  resemble  modern  Diplopoda  in  their  gen- 
eral appearance  much  more  closely  than  either  of  the  preceding  fami- 
lies. The  indications  of  spines  or  spinous  hairs  upon  the  sides  of  the 
body,  the  fusiform  shape  of  the  body,  the  length  of  the  legs,  and  the 
indications  in  some  of  them  of  great  breadth  to  the  ventral  plates 
present  so  many  points  o£  aflflnity  to  contemporaneous  forms  that  they 
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shoald  be  classed  with  the  Archipolypoda.  They  are,  however,  still 
insufficiently  known.  Mostly  occurring  in  America,  they  have  also  been 
found  in  Great  Britain  and  on  the  continent  of  Europe. 

Archiulu8  Scudd.  Segments  entire,  of  very  variable  size,  but  gen-' 
erally  from  two  to  three  times  broader  than  long,  furnished  with  a  few 
bristle-bearing  papillae.  Four  or  five  species  are  hnown  to  me  from  dif- 
ferent parts  of  America,  three  coming  from  the  sigillarian  stumps  of 
Nova  Scotia.  Julus  Brassi  Dohm,  from  Lehbach,  probably  belongs 
here  (or  in  the  next  genus),  and  perhaps  also  the  three  species  of  Julus 
named  by  Frifi,  from  the  Dyas  of  Bohemia.  {Falasojulus  dyadious  Gein., 
from  the  Dyas  of  Saxony,  has  been  shown  by  Sterzel  to  be  a  fern,  and 
Trichiulus,  described  by  Scudder,  from  the  American  Carboniferous, 
also  turns  out  to  be  a  fern  leaf.) 

Xylobius  Daws.  Segments  as  in  the  preceding  genus,  but  broken  by 
longitudinal  sutures  into  numerous  quadrate  frustra.  Four  species  are 
known  from  the  sigillarian  stumps  of  Nova  Scotia,  besides  two  species 
(unpablished)  from  Mazon  Greek  and  one  from  England. 

4.  Order  DIPLOPODA  Gervais. 

Body  elongated,  usually  cylindrical,  of  nearly  uniform  size,  the  head 
appendages  borne  upon  a  single  apparent  segment ;  each  body  seg- 
ment composed  of  a  single  dorsal  plate  of  great  size,  shorter  below  than 
above,  corresponding  to  which  there  are  two  minute,  narrow  (rarely 
moderately  broad)  ventral  plates,  each  bearing  a  pair  of  spiracles  and 
of  legs,  excepting  on  the  ant^erior  segments,  where  there  is  only  a  single 
pair  of  legs  to  each  dorsal  segment;  the  legs  are  therefore  inferior  land 
approximat'C  at  base.  Ko  spines,  but  occasionally  roughnesses  and 
ridges  or  setae  on  dorsal  plates.    Sexual  organs  situated  anteriorly. 

This  family,  by  far  the  most  abundant  at  the  present  day,  was  richer 
than  the  Ghilopoda  during  Tertiary  times,  both  in  genera  and  species. 
Its  earliest  record  is  in  the  Cretaceous,  a  s[)ecies  figured  by  Heer,  from 
Greenland,  probably  belonging  here  rather  than  in  the  Archipolypoda. 
Most  of  the  Tertiary  species  are  known  only  from  amber. 

Glomeridw. — Olomeris  denticulata  Menge,  from  amber,  is  the  only 
species  known  and  is  very  briefly  described. 

PolydesmidcB. — Menge  merely  mentions  the  occurrence  of  two  species 
,  of  Polydesmus  in  amber. 

LysiapeltidcB. — 'if  this  interesting  family,  Menge  describes  from  amber 
six  species  of  Craspedosoma,  besides  one  figured  by  Koch  and  Berendt, 
and  a  distinct  genus,  Enzonus,  with  one  species,  E,  collulum^  also  from 
amber,  in  which  the  body  tapers  considerably  toward  the  head  and  at 
the  tail ;  the  antennae  are  twice  as  long  as  the  breadth  of  the  head,  with 
the  first  and  seventh  joints  smallest  and  the  third  and  fifth  lai^gest,  the 
eyes  consisting  of  twenty  ocelli,  set  in  a  semicircle  behind  the  antennse, 
Pull.  31 2  (17) 
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JuUdcB, — Koch  and  Berendt  describe  a  single  species  of  Julus  from 
amber;  Menge,  in  his  notes  to  their  work,  describes  briefly  three 
others ;  Graveuhorst  and  others  mention  also  the  occurrence  of  a  species 
of  this  genas  in  amber,  and  several  species  have  also  been  found  in  Ter- 
tiary rocks.  Thus  Cotta  refers  to  the  living  Julus  terrestris  a  form 
found  at  Tharand,  Saxony,  concerning  which  it  is  questionable  whether 
it  be  a  fossil.  Serres  compares  to  the  living  Julus  sahulosus  a  species 
found  in  the  lacustrine  limestones  in  the  neighborhood  of  Montpellier. 
Hope  mentions  Julus  as  found  in  the  marls  of  Aix,  without  further 
reference.  But  besides  these,  one  species,  (J.  antiquus  lleydeu)  has  been 
described  from  the  brown  coal  of  Tlott,  and  another  {J.  telluster  Scudd.), 
from  the  Green  River  shales  of  Wyoming.  Menge  also  briefly  de- 
scribes a  species  of  Blaniulus  from  amber,  and  probably  the  Julopsis 
cretacea  of  Heer,  from  the  Cretaceous  deposits  of  Greenland,  is  to  be 
referred  to  this  family. 

Polyxenidce, — Polyxenus  is  represented  by  five  species  in  amber,  of 
which  Koch  and  Berendt  describe  and  figure  two  and  the  others  are 
briefly  characterized  by  Menge.  Besides  these,  Menge  describes  an 
amber  genus,  Lophonotus,^  in  which  the  sixth  autennal  joint  is  the 
largest,  the  terminal  joint  very  short  and  cylindrical,  furnished  above 
with  four  little  teeth.  A  single  species  is  known,  Phryssonotus  hystrix 
Menge  sp. 

^  This  name  had  been  used  earlier  for  othei  iuseota,  and  may  be  replaced  by  Phrys- 
sonotOB. 
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OHABACTEBISTICS  AND  GEOLOGICAL  HISTORY. 

The  Arachnida  are  articulated  animals  in  which  the  body  is,  as  a  rale, 
divided  into  two  great  masses,  a  cephalothorax  and  an  abdomen.  The 
cephalothorax  is  furnished  with  four  pairs  of  articulated  (normally, 
seven-jointed)  legs,  and  in  advance  of  them  (1)  a  pair  of  jointed  append- 
ages or  palpi  which  in  some  bear  chelsB  or  other  modified  structures 
at  the  extremity  and  generally  are  looked  upon  as  the  homologues  of 
some  part  of  the  jaws  of  insects ;  and  (2)  a  pair  of  two-jointed  mandibles 
or  cbeliceres^  sometimes  developed  as  a  sucking  organ,  and  considered 
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by  many  as  equivalent  to  the  otherwise  absent  antennae  of  true  insects. 
The  eyes  are  always  simple  and  situated  on  the  summit  of  the  front  por- 
tion of  the  cephalothorax.  The  abdomen  is  in  some  cases  of  a  softer  in- 
tegument than  the  cephalothorax,  in  which  it^  annulated  character  is 
disguised.  It  bears  no  legs,  but  sometimes  has  special  jointed  append- 
ages either  at  the  base,  as  in  scorpions,  or  at  the  extremity,  as  in  spiders. 
With  slight  exceptions  arachnids  undergo  no  metamorphosis  after  leav- 
ing the  eggj  the  repeated  sloughings  of  the  integument  being  unaccom- 
panied by  structural  changes. 

The  geological  history  of  Arachnida,  as  known  at  the  present  time, 
presents  some  points  of  interest.  Only  a  portion  of  the  great  groups 
into  which  the  order  is  divisible  are  represented  in  the  older  rocks,  and 
these,  which  are  not  confined  to  the  lower  types,  attain  a  degree  of  i>er- 
fection  and  a  diversity  of  structure  inconsistent  with  a  belief  in  our  hav- 
ing reached  the  primordial  forms  of  this  phyhim  in  our  retrograde 
search. 

When,  in  1858,  Bronn  published  his  prize  essay  on  the  distribution  of 
fossils,  only  two  species  of  Pretertiary  Arachnida  were  known  as  such, 
one  from  the  Carboniferous  and  one  from  the  Jurassic  formation,  and 
the  knowledge  of  Tertiary  forms  was  confined  entirely  to  the  tbeu  re- 
cently published  work  of  Koch  and  Berendt  on  the  species  from  amber. 
Since  then  Menge  has  increased  somewhat  our  knowledge  of  the  amber 
fauna,  and  it  includes  to-day  nine-tenths  or  more  of  the  knowa  Tertiary 
species.  But  it  is  only  within  the  last  fifteen  years  that  our  knowledge 
of  Pretertiary  Arachnida  has  been  extended  beyond  the  (le8erii)tion  of 
two  or  three  species.  The  number  is  still  exceedingly  few  —  between  20 
and  30  species — but  it  is  being  constantly  extended,  and  the  abundance 
of  Arthropoda  brought  to  light  in  recent  years  in  the  Carboniferous  de- 
posits of  Allier,  Bohemia,  Scotland,  and  Illinois,  leads  us  to  expect  an 
i»arly  and  considerable  extension  of  the  list.  This  expectation  is 
strengthened  by  Lindstrom's,  Hunter's,  and  Whitfield's  discoveries  of 
Scorpions  in  the  Upper  Silurian  rocks  of  Gotland,  Scotland,  and  New 
York. 

The  forms  that  have  been  found  fossil  in  the*  earlier  formations 
]irove,  as  might  be  expected,  to  belong  mostly  to  those  having  a  dense 
integument,  and  in  the  two  species  believed  to  be  true  Aranea*  the  ab- 
domen was  pi'obably  provided  with  more  or  less  deirsely  chitinous  dor- 
sal plates.  With  these  two  exceptions  and  a  single  genus  of  Pedipalpi, 
all  the  Paleozoic  Arachnida  (only  a  single  Mesozoic  form  is  known)  be- 
long either  to  the  Scorpiones  or  to  a  peculiar  group,  the  Anthraco- 
niarti.  This  group  is  not  found  later,  and  the  single  known  species 
of  Mesozoic  Arachnida ^  is  a  true  Aranea.  The  paucity  of  remains  of 
Arachnida  in  Mesozoic  strata  is  somewhat  remarkable.    Besides  the 


'  Palpipes  or  Phalangites,  believed  even  by  Tborell  to  be  an  arachnid,  has  been 
fcliOwn  l)v  iSeebaclj  to  be  a  storaatopodous  crustacean. 
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species  mentioned  above,  only  one  other  haa  been  indicated,  a  species 
supposed  to  belong  to  the  Aranese,  from  the  English  Lias. 

Thanks  to  the  amber  deposits  of  Prussia,  we  know  far  more  abont  the 
Tertiary  history  of  Arachnida  than  wonid  be  possible  if  our  sole  reliance 
were  on  the  rocks,  the  latter  furnishing  us  with  only  about  double  the 
number  of  those  occurring  in  Pretertiary  deposits.  In  the  amber  alone 
occur  all  the  suborders  of  Arachnida  (excepting  the  Pedipalpi  and  the 
already  extinct  Authracomarti),  as  well  as  all  the  families  of  Araneae, 
excepting  one  peculiar  to  the  Jura ;  but  in  the  Tertiary  rocks  neither 
Chelonethi,  Scorpiones,  nor  Opiliones  has  been  recognized ;  of  the  Pe- 
dipalpi, a  single  species  is  referred  to  by  Serres  from. the  marls  of  Aix, 
but  too  obscurely  to  take  account  of  it. 

Examining  the  Aranese  alone,  which  are  far  better  represented  in  the 
Tertiaries  than  are  the  other  suborders,  we  find  a  very  large  number  of 
extinct  genera.  In  all,  71  are  now  known,  66  from  Europe  and  13 
from  America,  8  being  common  to  both.  Of  these  37  are  accounted 
extinct  (35  from  Europe  and  2  from  America),  and  none  of  these  have 
been  found  on  both  continents. 

In  the  stratified  Tertiary  deposits  the  same  families  of  AranesB  are 
iu  every  instance  found  in  both  Europe  and  America,  excepting  the 
Dysderides,  which  family  has  a  single  representative  in  America. and 
none  in  Europe.  It  also  appear^  that  just  those  families  which  are 
represented  abundantly  in  amber  are  also  found  to  some  extent  in  the 
American  Tertiary  fauna  and  (excepting,  as  before,  the  Dysderides)  in 
the  European  rocks. 

It  is  only  in  the  rocks  of  the  temperate  regions  of  Europe  and  North 
America  that  any  Arachnida  have  been  found  in  a  fossil  state,  and 
these,  so  far  as  the  Indications  have  any  meaning,  invariably  point, 
whether  in  Carboniferous  or  in  Tertiary  deposits,  to  a  warmer  climate 
than  now  obtains  in  the  locjilities  where  they  occur.  This  becomes 
more  marked  when  we  reach  the  Tertiary  rocks  and  can  compare  the 
types  more  c'osely  with  existing  forms,  a  number  of  the  genera  to 
which,  for  instance,  the  amber  spiders  belong  being  now  exclusively 
tropical. 

The  following  table  gives  a  general  systematic  view  of  the  distribu- 
tion of  Arachnida  in  the  different  geological  formations  since  their  first 
appearance  in  the  Upper  Silurian. 
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Geological  disirihution  of  Arachnida,^ 
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^The  flgoTM  reproseni  the  number  of  apeoiea. 


1.  Order  ACAEI  Lea^h. 


Body  compact,  robust,  the  cephalothorax  and  uusegmented  abdomen 
being  united  in  one  mass.  Mouth-parts  usually  produced  into  the  form 
of  a  rostrum. 

All  the  principal  families  are  represented  in  the  Tertiaries,  our  knowl- 
edge of  them  coming  mainly  from  amber.  With  a  single  exception, 
they  have  all  been  referred  to  existing  genera.  None  have  been  re- 
ported from  older  rocks. 

SarcaptidcB. — A  species  of  Acarus  has  been  found  in  amber  and  one 
is  referred  to  by  Heer  as  occurring  at  Ocningen. 

Oribatidce. — A  species  of  Oribates  and  four  of  Nothrus  occur  in  am- 
ber. 

Ixodidce. — A  single  species  of  tick  found  in  the  Green  Eiver  beds  of 
Wyoming  is  probably  to  be  referred  to  this  group. 

Qamtrndas. — One  species  of  Sejus  is  figured  by  Koch  and  Berendt 
from  amber. 

HydrachnidcB. — Heyden  figures  a  species  of  Limnochares  from  the 
brown  coal  of  Rott. 

Bdellidas. — As  we  reach  the  higher  Acari  their  fossil  representatives 
become  more  numerous.  Four  species  of  Bdella  and  one  of  Oheyletus 
have  been  found  in  amber. 

TrombididcB. — This  family  of  Acari  is  by  far  the  best  represented  in  a 
fossil  state,  more  than  twice  as  many  species  having  been  recovered 
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from  amber  as  all  the  other  families  together  have  funiishetl,  but  none 
have  been  found  in  the  stratified  rocks.  Five  species  of  Trombidium, 
eight  of  Bhyncholophns,  three  of  Actineda,  four  of  ErjthsBus,  two  of 
Tetranychas,  and  one  of  Penthaleus  have  been  described  and  in  part 
figured  by  Menge  and  Koch,  besides  one  of  the  only  genus  not  now 
living,  Ary  tsena  Menge,  having  the  aspect  of  a  Trogulus. 

2.  Order  CHELOHETHI  Thorell  (Pseudoscorpiones  Latreille). 

Body  strongly  depressed,  the  sides  of  the  body  showing  no  division 
between  oephalothorax  and  abdomen,  the  latter  composed  of  ten  or 
eleven  segments.    Palpi  long  and  stoutly  chelate. 

Hope  catalogues  a  species  of  Ghelifer  from  the  Tertiary  deposits  of 
Aix,  but  the  only  forms  which  have  been  described  are  those  irom  am- 
ber, which  have  been  carefully  studied  by  Menge  and  figured  in  his 
paper  on  Ghernetidse.  He  finds  five  species  of  Ghelifer  and  one  each 
of  Chemes,  Cheiridium,  and  Ghthonius,  all  of  the  genera  still  existing. 
Some  of  the  species,  however,  differ  so  much  from  living  forms  that 
MeDge  previously  endeavored  to  establish  two  distinct  genera  for 
them.  A  species  of  Garboniferous  arachnid,  long  supposed  to  belong 
in  this  group,  has  recently  been  shown  by  Fritsch  to  be  an  immature 
and  imperfect  scorpion.    (See,  also,  page  95.) 

3.  Order  AHTHSACOMABTI  Karsch. 

Body  somewhat  depressed,  the  cephalothorax  and  abdomen  distinctly 
se[>arable.  Gephalothorax  usually  made  up  in  large  part  of  more  or 
less  wedge-shaped  pedigerous  segments,  the  arrangement  of  which 
corresponds  to  that  of  the  coxse.  Abdomen  forming  a  single  mass 
and  oomposed  of  from  four  to  nine  distinct  joints.  Palpi  not  muoh 
longer  than  the  legs  and  simply  terminated. 

This  group,  the  only  extinct  order  of  Arachnida,  was  established  by 
Karsch  for  some  interesting  Garboniferous  forms  of  somewhat  obscure 
relations  allied  to  the  PhrynidsB  and  Phalangid»,  but  very  distinct  from 
either  of  them.  Their  position  seems  to  be  between  the  Ghelonethi 
and  the  Pedipalpi,  to  the  latter  of  which  they  bear  perhaps  the  closest 
relations.  The  Anthracomarti  were  the  most  varied  in  structure  and, 
with  the  possible  exception  of  the  scoii)ions,  the  most  abundant  in 
species  of  the  Garboniferous  Arachnida,  and  being  unknown  after  that 
period  they  may  be  considered  the  most  characteristic  of  Paleozoic 
Arachnida.  The  forms  hitherto  known  may  be  grouped  in  four  fami- 
lies. 

1.  Family  ArthrolycosidsB  Harger. 

Cephalothorax  orbicular.  Goxsb  radiating  from  a  central  pit.  Abdo- 
men oval,  narrower  at  base  than  the  cephalothorax,  with  no  longitud- 
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inal  scalpturiug,  and  smooth.  Segments  seven  in  namber,  undoubted  ly 
all  visible  below.    Ko  abdominal  appendages. 

Arthrolycosa  Harg.  Gephalothorax  twice  as  large  as  the  abdomen. 
Founded  upon  A.  antiqua  Harger,  from  the  Carboniferous  iron-stone 
nodules  of  Mazon  Greek,  III. 

Bakovnioia  KuHt.  Gephalothorax  smaller  than  the  abdomen.  R,  an- 
tiqua KnSta  from  the  coal  measures  of  Bohemia. 

2.  Family  PoliooheridsD  Scudder. 

Gephalothorax  quadrate,  not  muck  smaller  than  the  abdomen.    Coxse 
radiating  apparently  from  a  median  line.    Abdomen  rounded,  of  equal 
breadth  with  the  cephalothorax,  composed  of  only  four  segments,  of 
which  the  basal  is  very  short  and  the  others  of  equal  length.    !No  ab 
dominal  appendages. 

Poliochera  Scudd.  One  species,  P.  puncttUata  Scudder,  from  Mazon 
Creek,  111. 

3.  Family  ArohitarboidsD  Karsch. 

Cephalothorax  variable  in  form,  at  least  half  as  large  as  the  abdo- 
men ;  coxae  radiating  from  a  central  pit,  a  median  line,  or  from  a  broad 
triangular  space,  its  base  on  the  abdominal  margin.  Abdomen  orbicu- 
lar or  oval,  broad  at  base,  with  a  lateral  ridge  on  each  side  converging 
toward  the  anus;  the  surface  moderately  smooth;. segments  seven  to 
nine  in  number,  visible  below,  though  the  basal  ones  often  extremely 
shortened  in  the  middle.    Ko  abdominal  appendages. 

GeraphryniM  Scudd.  Gephalothorax  fusiform,  angulate  in  front, 
nearly  as  large  as  the  abdomen ;  the  cox8B  radiating  from  a  median  line. 
Sides  of  the  body  scarcely  showing  any  constriction  between  the  ce- 
phalothorax and  the  abdomen.  Abdomen  subfusiform,  composed  of 
nine  segments,  with  a  large  basal,  triangular,  post-thoracic  plate  crowd- 
ing the  middle  of  the  shorter  basal  segments  out  of  place  on  the  dorsal 
surface.  O.  carhonoHus  Scudd.,  from  che  Carboniferous  nodules  of  Ma- 
zon Creek,  111. 

Architarbus  Scudd.  Cephalothorax  orbicular,  broadly  rounded  in 
front,  much  smaller  than  the  abdomen ;  the  coxae  radiating  from  a  central 
pit.  Sides  of  the  body  scarcely  showing  any  constriction  between  the 
cephalothorax  and  the  abdomen ;  the  latter  oval,  composed  of  nine  seg- 
ments, of  which  those  on  the  basal  half  are  very  much  shorter  than  the 
others.  A.  subovalis  Woodw.,  from  the  Coal  Measures  of  Lancashire, 
Eng.,  has  the  piece  exposed  between  the  posterior  coxae  more  than  twice 
as  broad  as  long.  (Probably  CurcnUoides  Ansticii  Buckl.  belongs  here.) 
In  A.  rotundatu8  Scudd.,  from  Mazon  Creek,  111.,  this  piece  is  triangular, 
of  equal  length  and  breadth,  the  post-thoracic  plate  large,  greatly  dis- 
torting the  basal  segments  of  the  abdomen.  Eoemer  mentions  a  third 
species  (A.  sil^ia^nis),  from  the  Carboniferous  deposits  of  Glatz. 
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Anthracamarttus  Karsch.  Cephalotborax  quadrate,  the  front  square, 
or  scarcely  convex,  about  half  the  size  of  the  abdomen;  the  coxae  later- 
ally affixed,  radiating  from  a  broad  triangular  sternal  plate,  the  base  of 
which  forms  the  posterior  margin.  Sides  of  the  body  showing  a  distinct 
though  slight  constriction  between  the  cephalotborax  and  the  abdomen 
by  the  more  convex  sides  of  the  latter.  Abdomen  orbicular,  a  little 
longer  than  broad,  composed  of  seven  segments  of  similar  length.  Four 
European  species  are  known,  from  the  Carboniferous  deposits  of  Sile- 
sia and  Bohemia,  and  two  American,  from  those  of  Illinois.  (Probably 
Termes  Hageni  Gold-  (Palaeoutogr.,  Band  IV.,  PI.  C,  Fig.  8)  and  Libellula 
carhanaria  Scudd.  (Proc.  Amer.  Aspoc,  Vol.  XXIV,  B.  110,  Fig.  1),  both 
represented  by  imperfect  bodies  only,  belong  in  this  neighborhood.) 

4.  Family  EophrynoidsB  Karsch. 

Cephalotborax  quadrate  or  triangular,  less  than  one- third  the  size 
of  the  abdomen,  broken  florsally  into  many  distinct  plates.  Coxae  ra- 
diating from  a  sunken  median  furrow.  Abdomen  ovate  or  orbicular, 
much  broader  than  the  cephalotborax,  and  separated  from  it  by  a  dis- 
tinct lateral  constriction,  composed  of  nine  or  ten  segments,  of  which 
the  penultimate  and  antepenultimate  bear  lateral  terminal  spines. 

Kreischeria  G^in.  Cephalotborax  subquadrate,  narrowing  strongly 
in  front,  the  dorsal  surface  with  three  large  median  plates,  one  in  ftont 
and  two  behind,  and  on  each  side  three  smaller  lateral  plates.  Dorsum 
of  abdomen  broken  by  oblique  sutures  into  a  median  and  a  lateral  field. 
Kreischeria  Weidei  Gein.,  from  the  Coal  Measures  of  Zwickau,  Sax- 
ony, i8  a  gigantic  species,,  and  the  largest  known  fossil  arachnid,  ex- 
cepting some  scorpions. 

Eaphrynus  Woodw.  Cephalotborax  triangular,  pointed  in  front, 
its  dorsal  surface  tumid,  completely  broken  into  great  tuberculate 
bosses  arranged  in  a  lateral  row  down  either  side  and  a  median  row 
separating  into  two  at  the  posterior  margin.  Dorsal  surface  of  abdo- 
men tuberculate,  with  two  lateral  rows  of  large  rounded  tubercles  and 
a  median  row  of  large  stellate  tubercles.  The  genus  was  founded  on  E, 
Prestvicii^  from  the  iron-stone  nodules  of  the  Coalbrookdaie  and  Dud- 
ley Coal  Measures  in  England.  This  species  was  formerly  taken  by  Buck- 
land  for  a  beetle,  and  was  figured  by  him  in  his  Geology  and  Mineral- 
ogy as  Oureuliaides  Prestvicii.  Since  then  Stur  ha«  described  a  second 
species  from  Ostrau,  in  Moravia,  under  the  name  of  E,  8almi, 

4.  Order  PEDIPALPI  Latreille. 

Body  depressed,  the  cephalotborax  and  abdomen  distinctly  separate. 
Cephalotborax  compact,  but  sometimes  broken  into  two  parts;  the  legs, 
especially  the  front  pair,  very  long.  Abdomen  composed  of  an  abdomen 
proper  of  more  than  seven  joints,  to  which  is  generally  appended  a 
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post-abdomen y  formed  of  a  few  small  joints  followed  by  a  generally  ar- 
ticulated seta.    Palpi  highly  developed,  spinous,  apically  chelate. 

Serres  mentions  a  species  of  Phrynus  from  the  Tertiary  deposits  of 
Aix,  excepting  which  the  only  known  fossil  is  aThelyphonus-like  arach- 
nid from  the  Carboniferous  deposits  of  Bohemia  and  America,  belong- 
ing to  a  family  distinct  from  those  now  existing. 

Family  OeiaUnnridsB  Scudder. 

Gephalothorax  divided  into  two  masses:  the  hinder  much  the  smaller, 
short,  and  transverse,  and  carrying  only  the  hindmost  legs  5  the  front 
portion  large,  tapering  anteriorly,  and  furnished  with  long  and  slender 
(^heliceres.  Abdomen  subfnsiform.  While  most  nearly  related  to  the 
ThelyphonidsB,  this  family,  by  the  division  of  the  cephalothorax,  shows 
more  affinity  to  the  NyctalopidaB. 

Geralinura  Scudd.  Cephalothorax  ovate,  the  front  rounded,  one- 
third  as  broad  as  hinder  portion.  Palpi  large  and  robust,  with  interior 
spines.  First  two  pairs  of  legs  slender,  the  hinder  stout  and  broad. 
Abdomen  composed  of  nine  joints,  the  basal  three  rather  short,  the  others 
subequal  and  longer;  post-abdomen  much  as  in  Thelyphonus.  &.  car- 
honaria  Scudd.,  in  iron-stone  nodules  from  Mazon  Creek;  O.  bohemioa 
Kugt.  sp.,  from  Bakonitz,  Bohemia. 

5.  Order  8C0BPIQHE8  ThorelL 

Body  depressed;  the  cephalothorax  and  abdomen  distinctly  separated, 
iis  in  the  last  group;  the  latter  composed  (1)  of  seven  joints,  forming  the 
abdomen  proper,  at  the  base  of  which  beneath  is  a  pair  of  pectinate  ap- 
X>endage8,  and  (2)  of  six  slender  joints,  forming  the  tail  or  post-abdomen, 
of  which  the  last  joint  is  vesicular  and  developed  as  a  sting.  Palpi  large 
nnd  chelate. 

This  is,  perhaps,  the  most  sharply  defined  of  all  the  orders  of  Arachnida, 
and  is  a  group  of  the  greatest  antiquity,  several  species  having  been 
found  in  the  Upper  Silurian  rocks  of  Sweden,  Scotland,  and  Kew  York, 
while  the  Carboniferous  beds  have  yielded  a  considerable  variety  of 
forms  in  both  the  Old  and  New  World,  all  of  which  seem,  at  least  as 
far  as  any  characteristics  have  been  noted,  to  enter  as  completely  into 
the  order  as  if  they  were  living  to-day.  The  Paleozoic  forms  represent, 
however,  a  distinct  and  extinct  suborder,  in  which  those  from  the  Euro- 
I)ean  Silurian  beds  are  to  be  distinguished  as  a  separate  group  from  the 
Carboniferous  types,  among  the  latter  of  which,  however,  the  single 
known  American  scorpion  must  be  placed.  The  Silurian  species  are 
very*recent  discoveries,  the  characteristics  of  which  have  been  made 
known  to  us  by  Thorell,  Peach,  and  Whitfield. 
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1.  Suborder  Anthbacoscoepii  Thorell. 

Anterior  margin  of  cephalothor^ix  generally  produced  centrally.  Dor- 
sal eye  tubercle  situated  not  far  from  or  at  the  anterior  margin,  in  front 
of  or  between  the  lateral  eyes ;  the  dorsa}  eyes  when  present  generally 
rather  large.  Bases  of  the  second  pair  of  legs  separated  from  each 
other  by  a  pair  of  median  plates.  Eachis  of  comb  formed  of  foor  or 
more  plates. 

This  suborder  includes  all  and  only  the  Paleozoic  forms  and  contains 
two  families,  the  first  embracing  the  species  from  the  European  Silu- 
rian, the  second  the  American  Silurian  scorpion  and  the  Carboniferous 
species  of  both  continents. 

1.  Family  PalsBophonoicLsB  Thorell. 

Anterior  margin  of  cephalothorax  very  broadly  emarginate.  Eye 
tubercle  small,  situated  mesially,  near  but  not  on  the  front  margin  of 
the  cephalothorax.  Sternum  large  and  pentagonal,  bounded  anteriorly 
by  the  third  pair  of  coxsb.  Movable  finger  of  mandibles  apparently 
armed  with  a  single  row  of  teeth.  Hands  stout.  Legs  short,  gradually 
tapering ;  the  tibial  and  femoral  joints  scarcely  longer  than  broad ;  the 
last  tarsal  joint  conical,  pointed,  without  claws  or  with  a  single  minute 
apical  daw. 

This  group  contains  the  single  genus  PalsBophonus,  if  the  species 
almost  simultaneously  discovered  in  the  Ludlow  beds  of  Gotland  and 
Scotland  in  the  summer  of  1884  are,  as  is  probably  the  case,  not  gener- 
ically  distinct.  It  is  remarkable  for  the  tapering  form  of  the  legs. 
The  Gotland  specimen,  PaUrophonus  nunoius  Thorell  and  LindstrSm, 
has  been  carefully  studied  by  Thorell,  and  is  certainly  remarkable  for 
the  excessively  heavy  joints  of  the  palpi  before  the  chelate  tip,  as  well 
as  for  the  brevity  o^the  legs  and  their  form,  since  all  of  them  are  stout 
and  the  last  three  joints  taper  regularly  to  a  single,  pointed,  spine-like 
claw.  Only  a  preliminary  notice  of  the  Scottish  species  has  yet  been 
given  by  Peach,  according  to  whom  the  sternum  shows  a  large  pentag- 
ODal  plate,  against  which  the  wedge-shaped  coxsb  of  the  last  pair  of 
legs  abut,  while  the  coxae  of  the  third  pair  bound  the  pentagonal  plate 
along  its  upper  margins  and  meet  in  the  mid-line  of  the  body,  where 
they  are  firmly  united.  # 

2.  Family  Eoicorpioid®  Scudder. 

Anterior  margin  of  cephalothorax  roundly  or  angularly  produced  in 
the  middle.  Sternum  compound,  bounded  anteriorly  by  the  second  pair 
of  coxae.  Hands  slender.  Legs  comparatively  long,  of  nearly  uniform 
breadth ;  the  tibial  and  femoral  joints  much  longer  than  broa<l ;  the  last 
tarsal  joint  cylifidrical,  blunt  at  tip,  and  armed  with  a  pair  of  claws. 
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1.  Subfamily  Proscorpianini  Scudder. 

Dorsal  eye  tubercle  of  moderate  size,  situated  mesially  on  the  front 
margin  of  the  cephalothorax;  the  dorsal  eyes  small;  lateral  eyes  in  two 
rows  on  anterolateral  border. 

Here  belongs  the  single  species  ProacorpUis  Osbomi  Whitfield,  from 
the  Silurian  (extreme  base  of  Helderberg  group)  of  New  York,  discov- 
ered in  the  winter  of  1882,  but  only  just  made  known ;  the  horizon  from 
which  it  comes  is  probably  somewhat  lower  than  that  at  which  Palte- 
ophonus  has  been  found,  but  the  species  agree  more  closely  with  tlie 
later  Carboniferous  types. 

2.  Subfamily  Eoscorpianini  Scudder. 

Dorsal  eye  tubercle  small,  situated  mesially  near  but  not  on  the  fn  ut 
margin  of  the  cephalothorax ;  the  dorsal  eyes  minute ;  lateral  eyes  in 
two  rows  on  anterolateral  border.  Bachis  of  combs  composed  of  numer- 
ous lamellae. 

Eoscorpius  Meek  and  Worth.  Fo  intermediate  laraellfe  in  the  combs. 
Two  species  in  the  Carboniferous  beds  of  Illinois.  Mazonia  Meek  and 
Worth,  is  probably  synonymous. 

Centromachus  Thorell.  Combs  provided  with  numerous  intermediate 
lamellae.  Five  species  from  the  Carboniferous  beds  of  Scotland  and 
England. 

3.  Subfamily  Cyclophthalmini  Thorell. 

Dorsal  eye  tubercle  very  large,  occupying  nearly  half  the  cephalo- 
thorax centrally  in  front ;  the  dorsal  eyes  very  large ;  lateral  eyes  form- 
ing a  semicircular  row  behind  and  beside  the  latter.  Bachis  of  the  combs 
formed  of  few  plates ;  no  intermediate  lamellae. 

Cyclophihalmus  Corda.  Three  species  from  the  Carboniferous  of  Bo 
hemia. 

Other  species  of  this  family  are  indicated  from  Bohemia,  Illinois,  and 
Nova  Scotia.  The  problematical  genus  Glyptoscorpius  Peach  is  referred 
by  him  to  the  Eurypteridae. 

2.  Suborder  Neoscorpii  Thorell. 

Anterior  margin  of  cephalothorax  truncate  or  emarginate  in  the  mid- 
dle. Dorsal  eye  tubercle  generally  far  removed  from  the  anterior 
margin,  behind  the  lateral  eyes;  the  dorsal  eyes  themselves,  when  pres- 
ent, comparatively  small.  Sternum  bounded  anteriorly  by  the  coxae  of 
the  second  pair  of  legs ;  bases  of  these  legs  attingent  at  the  middle  line. 
Bachis  of  combs  formed  of  no  more  than  three  plates. 

3.  Family  Bathoids  Simon. 

Sternum  narrowing  forward,  subtriangular.  Intermediate  lamellae  of 
the  pectoral  combs  rather  few  in  number,  most  of  them  angular  and 
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larger  than  the  falcra,  and  forming  only  one  series.  Three  principal 
lateral  eyes  and  2-0  accessory  eyes  on  each  side  of  the  cephalothorax. 
Tityus  eogenua  Menge,  from  amber,  is  the  only  Tertiary  species  tolerably 
known. 

6.  Order  OPUIONES  Sundevall. 

Body  compact,  depressed;  the  cephalothorax  and  abdomen  united  in 
a  single  mass,  the  latter  composed  probably  of  eight  segments,  of  which 
the  five  basal  joints  are  so  obscurely  marked  as  to  form  apparently  a 
single  mass.  Palpi  filiform,  apically  achelate.  Legs  long,  terminated 
by  a  single  claw. 

This  order  is  represented  only  in  Cenozoic  times  and  is  indeed  known 
in  a  fossil  state  only  in  amber.  Most  of  the  species  belong  to  the  family 
Phal4ingioid(€j  which  is  represented  by  a  single  sj)ecios  each,  of  the  gen 
era  Acantholophus,  Phalanginm,  Liobunnm,  Piatybunus,  and  Cheiroma- 
chus,  and  by  three  which  have  been  referred  to  Opilio.  The  Nemos- 
tomoidcB  are  represented  by  the  genus  Nemastoma  (4  sp.),  and  the 
GanyleptidcB  by  Gronyleptes  (1  sp.). 

7.  Order  ARASEM  Bundevall. 

Body  robust,  composed  of  two  well-separated  masses;  the  abdomen 
being  petiolated  with,  at  the  most,  but  faint  marks  of  segmentation 
and  furnished  apically  with  spinnerets.  Palpi  subfiliform,  simple,  ex- 
cepting that  the  last  joint  of  the  male  possesses  i)eculiar  organs  sub- 
servient to  copulation,  never  chelate. 

1.  Suborder  Saltigradje  Latreille. 

A  dozen  species  of  Attoidce  are  known  fl'om  amber,  belonging  to  the 
genera  Propetes  and  Gorgopis,  besides  species  of  Steneattus  and  Euo- 
phrys.  In  addition  to  these  we  have  three  species  of  Parattus  from  the 
Tertiary  beds  of  Colorado,  an  extinct  genus  interesting  from  its  affinity 
to  Gorgopis,  and  the  excellently  preserved  Attoides  eresiformis  from  the 
gypsum  of  Aix.  Of  the  UresoidcBy  two  species  of  Bresus  are  found  in  am- 
ber. 

2.  Suborder  Citigrad  je  Latreille. 

Represented  by  the  LycosoidcBy  in  which  Menge  has  founded  the  genus 
Linoptes  on  a  single  amber  species. 

3.  Suborder  Laterigrad^  Latreille. 

Koch  establishes  the  family  Archwoidee  upon  the  single  amber  genus 
Archsea,  with  half  a  dozen  species,  remarkable  for  the  globular  elevation 
of  the  cephalic  portion  of  the  cephalothorax,  the  long  mandibles,  and 
the  unusually  small  and  slender  palpi.  He  believed  that  it  differed 
totally  from  all  other  spiders,  but  both  Menge  and  Thorell  refer  it  to  the 
position  here  assigned.    The  Thorn  IsincB  are  richly  represented  in  the 
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Tertiahes,  especially  in  amber,  ten  genera  being  known,  of  which  Gly- 
thia  and  Syphax,  with  five  species  each,  and  one  or  two  other»  ai*e 
known  only  from  amber.  The  species  from  the  rocks  have  all  been 
referred  to  Thomisns  and  Xysticns,  existing  genera,  and  have  been 
foand  at  Oeningen,  Bott,  and  Florissant  (Colo.). 

4.  Suborder  Tebbitelabl^  Thorell. 

Clestes,  an  extinct  genus  of  TheraphosoidaSj  is  represented  by  a 
single  species  in  amber;  but  the  most  important  fact  is  that  Thorell 
refers  to  the  existing  family  Liphistioidce  that  interesting  Carbon- 
iferous form  from  Silesia  described  under  the  name  of  Protolycoaa 
anthracophilaj  on  account  of  the  brevity  of  the  first  pair  of  legs  and 
the  density  and  segmentation  of  the  dorsal  integument  of  the  abdomen. 
Thorell  also  calls  attention  to  the  unusually  short  second  joint  of  the 
palpi  and  to  the  spines  on  the  abdomen  as  points  which  might  justify  the 
establishment  of  a  distinct  family  for  it.  Though  less  well  preserved, 
Fritsch's  Palaranea  borassifoliaj  from  the  Coal  Measures  of  Bohemia, 
would  seem  to  fall  in  this  same  groqp.  Ko  other  Carboniferous  Aranea^ 
are  known  in  this  group,  and  no  Mesozoic  or  Tertiary  species  are  known, 
though  a  single  genus  exists  at  the  present  day  in  the  East  Indies. 

5.  Suborder  TuBiTELARi-ffl  Thorell, 

The  families  which  are  represented  in  the  Tertiary  deposits  of  Europe 
and  America  are  the  ones  most  abundant  in  the  present  epoch,  and  the 
suborder  itself  includes  more  than  a  third  of  the  Tertiary  Arane».  The 
fossil  Dysderides  of  Europe  (16  species)  are  all  from  amber  and  include 
eight  species  of  Segestria,  into  which  the  single  species  from  the  vol- 
canic strata  of  Colorado  also  falls.  Therea  is  an  extinct  genus  peculiar 
to  amber.  The  Drassides  are  very  abundant  in  the  European  amber,  and 
the  American  fauna  shows  four  species  of  Clubiona  and  one  of  Ary- 
phaena,  both  living  genera  represented  in  amber,  with  Clubiona  (which 
has  no  less  than  eight  amber  species)  also  at  Oeningen ;  but  besides 
these  there  are  half  a  dozen  extinct  genera  found  in  amber,  mostly  with 
only  one  or  two  species  each.  Six  genera  of  AgaJenidce  are  found  in  the 
European  Tertiaries,  half  of  them  in  amber,  the  other  half  at  Rott  and 
Oeningen.  The  amber  genera  are  ail  extant,  but  one  of  the  species 
from  Rott — Argyroneia  antigua  Heyd. — belongs,  according  to  Thorell, 
to  an  extinct  type  (Elvina),  in  which  the  palpi  are  evidently  thicker 
than  the  legs.  Bertkau,  however,  who  has  since  studied  it  carefully, 
retains  it  in  ArgjToneta.  Two  species  from  Colorado  belong  to  Ti- 
tanceca,  a  European  genus,  not  found  fossil  in  the  Old  World,  but 
allied  to  Araaurobius,  one  of  the  genera  represented  by  three  species  in 
amber.  Besides  these,  Hasseltides,  a  Mesozoic  genus  from  Solenhofen, 
is  referred  to  this  family  by  Weyenbergh.  The  HeraiUoidce  arc  repre- 
sented in  amber  by  two  species  of  Hersilia,  a  subtropical  genus,  not  now 
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existing  in  Europe,  and  a  species  of  Gerdia,  a  remarkable  generic  form 
peculiar  to  amber,  in  which  the  head  is  raised  to  a  high  vertical  boss,  the 
tarsi  are  two-jointed,  and  the  spinnerets  are  very  long  and  three-jointed. 
And,  finally,  Thorell  establishes  a  new  family  Mizalioidce  for  the  curious 
genus  Mizalia,  of  which  four  species  are  known  in  amber,  in  which  the 
cephalothorax  is  produced  like  a  blunt  snout  in  front  of  the  eyes,  the 
legs  and  palpi  are  stout,  and  the  intermediate  spinnerets  are  more  than 
double  the  length  of  the  inferior. 

6.  Suborder  RETiTELABLa:  Thorell. 

l^ext  to  the  Tubitelari®  in  importance,  especially  so  far  as  the  amber 
fauna  is  concerned,  comes  this  suborder.  The  Scyiodoidce  contain  ii 
species  of  Pholcus  and  another  of  the  extinct  genus  Phalangopus,  but. 
the  mass  of  this  group  belong  to  the  TheridiaidcBj  a  family  more  abun 
dant  than  any  other  among  the  Aranese  in  Tertiary  deposits,  more  than  a 
fourth  of  the  European  species  belonging  here,  with  lourteen  genera. 
America,  whose  stratified  deposits  are  generally  richer  than  the  similar 
beds  of  Eorope,  is  in  this  instance  poorer,  but  possesses  a  single  species 
of  Linyphia  and  two  of  Theridium,  besides  ^ome  egg-cocoons  appar- 
ently made  by  a  spider  of  this  group.  Theridium  is  ooe  of  the  very 
richest  of  the  amber  genera,  having  sixteen  species,  while  three  others 
arc  described  from  Oeniugen  and  Aix.  Linyphia  has  three  species  in 
aml^er  and  two  at  Bott ;  ErigODC,  one  each  in  amber  and  at  Eott.  Scbel  • 
lenbergia  is  an  extinct  genus  founded  by  Heer  for  a  spider  found  at 
Oeningen.  Among  the  more  prolific  genera  found  in  amber,  and  not 
named  above,  areEro,  with  seven  species;  Walckenaeria  and  Zilla,  with 
Ave  each;  -and  Thyelia,  a  form  peculiar  to  amber,  with  no  less  than  ten 
species.  Other  extinct  genera  are  Flegia,  Gorynitis,  Anandrns,  Glya, 
and  probably  Dielacata,  most  of  which  are  known  by  a  single  S[>ecies 
each. 

7.  Suborder  Obbitelabl^  Perty. 

In  this  group,  containing  the  single  family  Epeiroidos^  there  is  a  curious 
disparity  of  representation  between  the  European  and  the  American 
Tertiaries,  8  per  cent,  of  the  European  Tertiary  spiders  belonging  to  this 
group,  while  no  less  than  44  per  cent,  of  the  American  species  fall  here, 
and  no  other  group  shows  in  America  so  many  novelties.  Among  these 
are  single  species  of  the  genera  Nephila  and  Tetragnatha,  not  found 
fossil  in  Europe,  and  four  species  Of  an  extinct  type,  '^ethnffius,.  a  genus 
of  spiders  of  compact  form,  with  short  and  stout  le^s,  of  not  very  un- 
equal length,  and  in  which  the  two  front  pairs  are  unusually  heavy. 
They  all  come  from  the  beds  at  Florissant,  Colo.  Six  species  referred 
to  Epeira  also  come  from  Colorado,  two  from  Hott,  one  from  Oeningen, 
and  two  from  amber.  All  the  other  Tertiary  EpeiroidsB  come  from  am- 
ber and  include  two  or  more  spocics  each  of  Grjea,  Antopia,  Siga,  and 
Androgens,  all  extinct  types,  besides  a  few  others. 
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CHAEACTERISTICS  AND  DEVELOPMENT. 

Hexapods,  or  true  insects,  are  articulated  animals  in  which  the  body 
of  the  adult  is  divided  typically  iuto  three  principal  regions:  head, 
thorax,  and  abdomen.  The  head  is  composed  of  several  consolidated 
segments  (generally  looked  upon  as  four  in  number)  and  bears  above 
a  pair  of  antennae,  serving  as  sense  and  tactile  organs,  and  below  three 
pairs  of  jointed  appendages,  serving  under  various  modiflcatious  as 
mouth-parts.  These  are  designated  from  the  front  backward  as  mandi- 
bles, maxillsB,  and  labium.  The  opposing  basal  parts  of  the  last  are 
more  or  less  closely  united  to  form  a  lower  lip,  and  upon  the  opposite 
front  or  upper  side  of  the  mouth  a  hinged  and  undivided,  though  some- 
times i)artially  cleft,  plate  is  found,  called  the  labrum  or  upper  lip;  the 
maxillse  and  labium  may  have  jointed  appendages  or  prolongations,  the 
modifications  of  which,  profoundly  affecting  the  modes  of  life  and  nourish- 
ment of  insects,  characterize  the  different  primary  groups  and  are  un- 
doubtedly of  great  antiquity.  A  pair  of  compound  eyes  is  found  on 
the  sides  of  tbe  head  and  ocelli  are  sometimes  added  in  front. 

The  thorax  is  composed  of  three  segments,  each  of  which  bears  a  pair 
of  legs  and  each  of  the  hinder  two  a  pair  of  wings,  which,  especially 
the  posterior,  are  occasionally  aborted.  Each  of  these  segments  is 
again  divided  by  sutures  iuto  several  plates,  bearing  definite  and  simi- 
lar relations  on  each  segment ;  they  are  situated  above,  on  the  sides, 
and  below,  and  are  distinguished  respectively  as  nota,  pleura,  and 
sterna,  the  pleura,  being  again  subdivided  into  an  anterior  episternal 
and  a  posterior  epimeral  piece.     Between  nota  and  pleura  the  wings; 
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and  between  pleura  and  sterna  the  legs,  are  inserted.  The  letter  con- 
sist of  five  parts :  coxa,  trochanter,  femur,  tibia,  and  tarsus,  the  last 
rarely  simple,  generally  tive-jointed,  the  final  joint  armed  with  a  pair 
of  claws  and  sometimes  with  fleshy  pads  or  lobes. 

Tbe  wings,  the  most  characteristic  feature  of  the  class,  are  composed 
of  a  thin  membrane,  stretched,  like  a  flattened  bladder,  upon  a  frame- 
work of  veins,  the  arrangement  and  disposition  of  which  are  definite  and 
of  the  utmost  importance  for  paleontology,  as  these  are  tbe  parts,  par- 
ticularly in  the  older  insects,  which  are  more  often  preserved,  and  fre- 
quently serve  as  the  sole  clew  to  relationship.  These  veins  or  nervures 
are  hollow,  ramificating,  and  more  or  less  anastomosing  tubes,  contain- 
ing tracheae  and  the  fluids  of  the  body.  The  principal  veins  are  six  in 
mimber,  arising  in  sets  of  three,  from  two  distinct  roots,  the  marginal, 
mediastinal,  and  scapular  veins  being  articulated  anteriorly,  the  extemo- 
inedian,  internomedian,  and  internal  veins  posteriorly;  by  a  basal  bend 
in  the  course,  however,  the  scapular  or  the  externomedian  vein  may,  as 
it  were,  select  its  articulation  at  will.  The  definite  arrangement  of 
ttese  veins  and  their  off-shoots  has  frequently  served,  in  all  orders  of 
insects,  as  a  base  for  generic,  and  occasionally  for  family,  distinctions, 
but  its  wider  use  has  been  much  hampered  by  a  very  variable  nomen- 
clature of  the  veins  in  different  orders,  which  has  taken  no  note  of  their 
bomologies. 

The  different  orders  differ  also  in  the  general  texture  of  the  front 
wings  and  their'  relative  size,  as  compared  to  the  hind  wings,  the  for- 
inor  being  sometimes  of  a  much  denser  consistency  than  the  latter  and 
serviug  as  a  protective  covering  to  them,  which  then  become  the  prin- 
cipal organs  of  flight,  and  are  "often  folded  in  various  ways  for  conceal- 
meot  beneath  the  front  wings. 

The  abdomen  is  generally  composed  of  nine  or  ten  segments,  to  each^f 
the  last  two  or  three  of  which  one,  two,  or  even  three  pairs  of  appendages 
may  be  attached,  often  closely  connected  with  the  reproductive  function 
asovipositorsor claspingorgans,  but  also  as  stings  and  jointed  filaments. 
In  ovipositors  and  stings  the  appendages  of  opposite  sides  or  of  differ- 
ent segments,  or  of  both,  are  often  combined  to  form  compound  struct- 
ures ;  in  the  other  cases  the  appendages  are  usually  simple  and  distinct. 

Respiration  is  effected  by  means  of  trachese  filled  with  air  through  lat- 
eral openings  or  stigmata  on  the  sides  of  most  of  the  thoracic  and  ab- 
dominal segments,  to  the  number  usually  of  nine  or  ten  on  each  side  of 
the  body;  these  are  connected  by  main  trunks  extending  along  each 
side  of  the  body  and  themselves  divide  into  numerous  ramifications, 
which  permit  the  aeration  of  every  part  of  the  body. 

Growth  is  secured  through  repeated  sloughings  of  the  chitinous  in 
tegument  of  the  body,  accompanied  by  very  varied  and  remarkable  met- 
amorphoses.    In  some  types  the  young  as  hatched  from  tbe  egg  very 
closely  resemble  ihe  parent  insect,  except  iu  the  absence  of  win^js,  and 
when  the  parent  is  itself  apterous  the  resemblance  is  still  more  evident, 
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In  otbers,  on  the  contrary,  the  difference  is  very  important,  and  to 
bridge  over  the  wide  distinction  a  quiesccint  period  intervenes  between 
the  initial  and  the  final  period,  resulting  in  a  threefcld  life  condition,  the 
first  stage  being  known  as  the.  larva,  caterpillar^  or  maggot,  the  second 
a8  the  pupa  or  chrysalis,  and  the  final  as  the  imago  or  perfect  stage. 
Such  a  metamorphosis  is  .designated  as  complete.  The  insects  with  in- 
complete metamorphosis,  on  the  other  hand,  do  not  need  such  a  quies 
cent  stage,  the  ordinary  ecdysis  sufficing  for  all  the  changes  required 
for  the  assumption  of  maturity. 

As  the  conditions  under  which  insects  are  preserved  in  the  rocks  do 
not  admit  of  any  study  of  their  internal  structare,  this  side  of  their  or 
ganization  need  not  here  be  touched  upon.  Yet  it  is  remarkable  to  find 
how  perfectly  external  parts  and  organs  of  the  utmost  delicacy  have 
been  preserved  not  only  in  amber,  which  has  revealed  .and  is  yet  to  iv- 
veal  the  most  important  and  exact  data  regarding  insect  life  in  the  earlj- 
Tertiaries,  but  even  in  the  rocks  them^elve3,  where  the  most  delicate 
hairs,  antennal  outgrowths,  the  appendages  of  the  feet,  and  the  micro 
scopic  facets  of  the  compound  eye  are  exactly  preserved.  Especially  is 
this  true  of  the  neuratioa  of  .the  wings  in  every  type  and  in  all  time, 
thus  preserving  for  us  the  most  precious  data  for  the  rehabilitation  of 
the  insect  life  of  dift'erent  epochs. 

As  the  classification  here  followed  is  intimately  connected  with  the 
historical  development  of  the  different  ordinal  types,  its  exposition  is 
])08tponed  to  the  close,.where  the  subject  will  be  discussed  in  connection 
with  the  geological  distribution  of  insects. 

A.— PALJSODICTYOPTERA  Goldenberg. 
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Body  generally  elonp^ated,  moath-parts  variously  developed;  antennse 
filiform.  Thoracic  joints  subequally  developed  ;  legs  moderately  long. 
Mesothoracic  and  metathoracio  wings  closely  similar,  equally  membra- 
nous ;  the  six  principal  veins  always  developed,  the  marginal  simple  and 
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formiug  the  costal  border,  the  mediastinal  generally  simple  or  with  supe- 
rior branches  only ;  the  other  veins  usually  dichotomize ;  stout  and  well- 
defined  cross- veins  rare;  membrane  generally  reticulate.  Wings  iu 
repose  lying  on  the  abdome^,  the  anal  area  of  the  hind  wings,  though 
usually  of  great  distal  extension,  never  plaited,  though  sometimes 
broadly  folded.  Abdomen  usually  long  and  slender,  the  last  joint  often 
furnished  with  simple  articulated  appendages.- 

The  insects  composing  this  order  were  in  fact  ordinally  undifferenti- 
ated Hexapoda,  and  comprised  all  the  insects  of  Paleozoic  time,  together 
with  a  few  later  ones.  They  may  be  divided  by  their  general  facies  and 
by  their  evident  relationship  to  succeeding  types  into  four  sections, 
Orthopteroidea,  Neuropteroidea,  Hemipteroides^,  and  Coleopteroidea. 

1.  Section  OBTHOPTEBOIDEA  Scudder. 
1.  Family  PalsBoblattarisB  Scudder. 

Ancient  cockroaches  in  which  the  externomedian  vein  of  the  front  wing 
is  completely  developed,  di\idlng  in  the  outer  half  of  the  wing,  its 
branches  generally  occupying  the  apical  margin ;  anal  branches  termi- 
nating on  the  inner  margin  of  the  wing. 

1.  Subfamily  Mylacridce  Scudder. 

Branches  of  the  mediastinal  vein  arranged  in  a  radiate  manner,  mostly 
springing  from  a  common  point  at  the  base  of  the  wing;  mediastinal 
area  subtriangnlar,  uniformly  tapering  apically.    (North  America.) 

Mylacris  Scudd.  Wings  broad.  Mediastinal  and  scapular  $ireas  to 
gether  occupying  less  than  half  the  wing.  Scapular  area  larger  than 
the  mediastinal.  Carboniferous,  ten  species.  Cape  Breton,  Nova  Sco- 
tia; Pennsylvania;  Illinois. 

PromyUicris  Scudd.  Body  much  arched.  Wings  broad.  Mediastinal 
and  scapular  areas  together  not  occupying  more  than  a  third  of  the 
wing.  Scapular  area  smaller  than  the  mediastinal,  the  scapular  running 
obliquely  to  the  costal  margin.  Carboniferous.  P.  ovale  Scudd.  Mazon 
Creek,  111. 

Paromplacris  Scudd.  Body  much  arched.  Pronotal  shield  more  than 
twice  as  broad  as  long.  Wings  extremely  broad.  Mediastinal  area 
large  and  extended  and,  with  the  scapular  vein,  occupying  half  the  wing. 
Externomedian  area  expanding  apically.  Carboniferous.  P.  rotundum 
Scudd.    Mazon  Creek,  III. 

Lithomylacris  Scudd.  Wings  slender.  Mediastinal  and  scapular 
areas  together  occupying  more  than  half  the  wing ;  externomedian  area 
small  and  compressed,  scarcely  expanding  apically.  Carboniferous. 
Four  species.    Pennsylvania  and  Illinois. 

Necymylacris  Scudd.  Some  of  the  apical  branches  of  the  mediastinal 
vein  arising  beyond  the  base  of  the  wing  and  scarcely  partaking  of  the 
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radiate  arraugement  of  the  others.  Garbouiferous.  Two  species.    Penn- 
sylvania. 

2.  Sabfamily  BlatHfiaricB  Scadder. 

Branches  of  the  mediastinal  vein  arising  at  regular  intervals  from  a 
principal  stem ;  mediastinal  area  generally  band-shaped.  (Europe  and 
INorth  America.) 

Etoblattina  Scudd.  Mediastinal  area  comparatively  short ;  scapular 
vein  not  reaching  tip  of  wing  and,  with  the  externomedian,  which  is 
comparatively  large,  occupying  less  than  half  the  wing ;  iuternomedian 
vein  comparatively  long.  Carboniferous  and  Trias.  About  25  species. 
Earope  and  North  America. 

l^loblatUna  Scudd.  Mediastinal  area  comparatively  short;  scapu- 
lar area  just  reaching  the  tip  of  the  wing  and,  with  the  externomedian, 
occupying  about  half  its  area;  externpmediau  and  inteniomedian  veins 
diverging  around  a  median  stigma.    Trias.     Four  species.    Colorado. 

Archimylacris  Scudd.  Mt^diastinal  area  comparatively  short ;  scap- 
ular terminating  below  the  tip  and,  with  the  externomedian,  which  is 
comparatively  small,  occupying  less  than  half  the  wing ;  iuternomedian 
vein  comparatively  long.  Carboniferous.  Three  species.  Nova  Scotia, 
Pennsylvania,  and  Illinois. 

Anthracoblattina  Scudd.  Mediastinal  area  comparatively  long ;  scap- 
alar  and  externomedian  areas  together  occupying  less  than  half  the 
wing;  the  branches  of  the  former  superior,  of  the  latter  inferior ;  iuter- 
nomedian vein  comparatively  long.  Carboniferous.  Twelve  species. 
European. 

Oerablattina  Scudd.  Mediastinal  area  comparatively  long ;  scapular 
and  externomedian  areas  together  occupying  less  than  half  the  wing,  the 
branches  of  both  superior;  iuternomedian  veiu  comparatively  long. 
Carboniferous.    Thirteen  species.    Europe  and  North  America. 

Hermatohlattina  Scudd.  Mediastinal  area  comparatively  long ;  scap- 
ular and  externomedian  areas  together  occupying  less  thah  half  tlie 
wiag,  the  branches  of  the  former  inferior ;  iuternomedian  vein  compara- 
tively long.    Carboniferous.    Two  species.    Germany. 

ProgonohlaUina  Scudd.  Principal  veins  closely  crowded  in  the  basal 
half  of  the  wing;  scapular  area  not  reaching  apex,  but  with  the  exter- 
nomedian area  occupying  more  than  half  the  wing,  the  branches  of  the 
latter  inferior ;  iuternomedian  vein  comparatively  short.  Carbonifer- 
ous.   Two  species.    Germany  and  Switzerland. 

Oryctohlattina  Scudd.  Principal  veins  widely  separated  at  base : 
scapular  area  surpassing  apex  and,  with  externomedian,  occupying  more 
than  half  the  wing,  the  branches  of  latter  inferior ;  iuternomedian  vein 
comparatively  short.  Carboniferous.  Three  species.  Germany  and 
Illinois. 

Fetrablattina  Scudd.  Scapular  and  externomedian  areas  together 
covering  more  than  half  the  wing,  the  externomedian  vein  directed 
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toward  and  terminating  near  the  middle  of  the  inner  border  of  the  wing, 
its  branches  superior ;  internomediau  vein  very  short.  Carboniferous 
and  Trias.    Four  species.    Germany,  l^ova  Scotia,  and  Colorado. 

Poroblattina  Scudd.  Scapular  and  externomedian  areas  together 
covering  more  than  half  the  wing;  the  externomedian  vein  directed 
toward  the  outer  half  of  lower  border,  its  branches  superior;  interno- 
median  vein  moderately  long.    Trias.    Two  species.    Colorado. 

2.  Family  Protophasmida  Brongniart. 

Ancient  walking-sticks,  in  which  the  front  wings  were  diaphanons 
and  as  fully  developed  as  the  hind  wings  and  both  were  simUar  in 
form  and  general  neuration  to  those  of  other  Palseodictyoptera,  being 
long  and  usually  slender,  with  very  simple. branched  veins. 

Tiianophasma  Brougn.  Wings  very  large,  moderately  slender ;  the 
uenration  moderately  abundant;  scapular  vein  beginning  to  branch  in 
the  middle  of  the  basal  half  of  the  wing.  Carboniferous.  Three  species. 
Commentry,  Fiauce;  Saarbrtick  basin;  Pitts  ton,  Pa. 

Litoneura  Scudd.  Wings  of  moderate  size,  the  veins  comparatively 
fiMv,  distant,  and  simple ;  scapular  vein  first  branching  beyond  the  mid- 
dle of  the  wing  and  usually  far  from  the  first  forking  of  the  externome- 
dian vein,  its  branches  arising  from  the  main  stem.  Carboniferous. 
Three  species.    Saarbriick  basin. 

Dictyoneura  Goldenb.  Wings  of  rather  small  size,  with  sparse  neura- 
tion, the  scapular  nervules  springing  from  a  principal  branch,  which 
arises  before,  generally  far  before,  the  middle  of  the  wing,  the  nervules 
only  at  some  distance  beyond  the  same;  internomediau  vein  simple. 
Carboniterous.    Four  species.    Saarbriick  basin. 

Polioptenvs  Scudd.  Wings  similar  to  the  last,  the  principal  scapular 
branch  arising  only  just  before  the  middle;  internomediau  veinbranched. 
Carboniferous.    P.  elegans  Goldenb.  sp.     SaarbrUck  basin. 

ArchcBoptilua  Scudd.  Wings  of  huge  size,  the  neuration  tolerably 
abundant,  the  main  scai)ular  branch  arising  about  the  middle  of  the 
wing  and  having  numerous  off  shoots ;  externomedian  vein  branching 
abundantly  in  the  middle  of  the  wing.  Carboniferous.  A.ingens  Scudd. 
England. 

Protophasma  Brongn.  Wings  of  large  size ;  scapular  ne  j  vure  simple ; 
neuration  rather  open  except  in  the  anal  area,  where  it  is  made  up  of 
very  crowded  parallel  veins  mostly  forked.  Carboniferous.  P.  Dumasi 
Brongn.    Commentry,  France. 

Pyreyeria  Borre.  Wings  of  moderate  size,  triangular,  much  broader 
next  the  base  than  beyond,  the  tip  roundly  pointed  ;  scapular  vein  sim- 
ple ;  neuration  sparse.  Carboniferous.  P.  borinensis  Borre.  Mons, 
Belgium. 

Meganenra  Brongn.  Wings  variable  in  size,  long  and  slender  but 
broadest  at  base;  scapular  vein  simple;  all  veins  below  this,  except  the 
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simple  interuomedian,  with  very  abundaut,  closely-set,  long,  and  mostly 
simple  brandies.    Carboniferous.    Two  species.    Commentry,  France. 

JEdiwphasma  Scadd.  Wings  of  large  size,  broad,  broadest  in  the 
middle 5  scapular  vein  simple;  all  below  this  with  abundant,  closely- 
set  branches,  forking  abundantly  toward  their  distal  ends.  Carbon- 
iferous.   A.  anglica  Scudd.    England. 

Ooldenibergia  Scudd.  Wings  of  moderate  size,  long  and  slender,  gen- 
erally broadest  near  tbe  middle,  but  not  prominently,  the  tip  generally 
rounded.  _  Scapular  vein  simple;  branches  of  other  veins  obhque,  curv- 
ing down  to  and  striking  obhquely  the  lower  margin  of  the  wing,  those 
of  the  extemomedian  vein  occupying  at  least  one-third  of  it ;  anal  area 
extending  nearly  to  the  middle  of  the  wing ;  no  intercalary  veins.  Car- 
boniferous.   Five  species.     Bavaria,  Saarbrlick  basin. 

Baplophlebium  Scudd.  Wings  of  moderate  size,  exceedingly  long 
and  slender,  the  veins  with  rare  dichotomosis ;  with  or  without  iuter- 
ciilaries.    Carboniferous.    Two  species.    Kova  Scotia  and  Pennsylvania. 

Paolia  Smith.  Wings  of  variable  size,  long  and  slender ;  branches 
of  veins  dichotomizing  strongly  and  running  in  alongitudinal  direction, 
so  that  the  extemomedian  branches  occupy  only  a  slight  portion  of  the 
lower  margin ;  no  intercalaries.  Carboniferous.  Four  s]>ecies.  Illinois, 
Indiana,  and  Pennsylvania. 

In  this  section  will  probably  fall  Archegogryllus  priscus  Scudd., 
founded  principally  upon  what  appears  to  be  a  saltatorial  leg  of  an 
iusect.    Carboniferous.    Ohio. 

2.  Section  ITEUROPTEROIDEA  Scudder. 
1.  Family  PalephemeridsB  Scadder. 

Ancient  May-flies,  in  which  the  lower  extemomedian  stem  seems  to  be 
formed  on  the  same  plan  as  the  upper  stem. 

Here  are  placed  three  very  different  insects :  Platephemera  antiqua 
Scudd.,  from  the  Devonian  of  New  Brunswick ;  Ephemerites  RilcJcerti 
Gein.,  from  the  Lower  Dyas  of  Saxony;  and  Palingenia  Feifdmant- 
dii  Fritsch,  from  the  Carboniferous  of  Bohemia. 

2.  Family  HomothetidsB  Soudder. 

Mediastinal  vein  terminating  on  the  costa;  scapular  vein  with  no  in- 
ferior branches;  extemomedian  vein,  usually  the  most  important  in  the 
wing,  conspicuously  branched  ;  internoraedian  vein  similar  to  the  lant. 

Acridites  Andree.  Remarkable  for  tiie  great  length  of  the  medias- 
tinal vein  and  its  uniform  distance  from  the  margin.  Carboniferous. 
A.  prhcuft  Andree  (probably  a  hind  wing).     Bohemia. 

Euccenvs  Scudd.  .  Body  stout;  the  prothoracic  segment  twice  as 
broad  as  long;  abdomen  ovate;  fore  wings  with  the  mediastinal  vein 
straight,  terminating  before  the  tipical  third  of  the  wing  with  numerous 
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straight  branches;  scapular  with  similar  branches  ending  half  way  be- 
tween the  mediastinal  and  the  tip;  externomedian  important,  with  dis- 
tant branches.    Carboniferous.    E.  ovalis  Scndd,    Mazon  Creek,  111. 

Oerapompus  Scadd.  Body  slender;  the  prothorax  as  long  as  broad ; 
fore  wings  well  rounded,  the  mediastinal  arcuate  like  the  costa,  with 
infrequent  simple  branches;  scapular  ending  near  the  tip.  Carbonifer- 
ous.   O.  blattinoides  Scudd.,  0.  extensus  Scudd.    Mazon  Creek,  III. 

Anthracothremma  Scudd.  Body  stout;  the  prothorax  several  times 
broader  than  long;  wings  subequal  and  elongated;  the  scapular  vein 
arcuate  and  nearly  reaching  the  tip ;  externomedian  vein  with  numer- 
ous parallel  branches,  mostly  simple.  Carboniferous.  A.  robusta  Scudd. 
Mazon  Creek,  111. 

Genopteryx  Scudd.  Int^momedian  vein  with  branches  very  similar  to 
those  of  the  externomedian  vein,  the  outermost  in  close  proximity  to 
the  innermost  branches  of  the  latter.  Carboniferous.  (?.  constricta 
Scudd.    Mazon  Creek,  111.     G.  litfianthraca  Gold.  sp.    Saarbriick. 

Cheliphlebia-  Scudd.  Body  rather  slender,  but  wings  large  and  coarse, 
without  cross-veins;  internomedian  vein  extending  far  toward  the  tip 
3f  the  wing  with  many  oblique  branches.  Carboniferous.  C,  carbon- 
iria  Scudd.,  O.  elongata  Scudd.    Mazon  Creek,  111. 

Qenentomum  Scudd.  Wings  large,  elongated,  with  coarse  venation 
and  abundant  cross-veins.  Mediastinal  vein  very  long,  with  numerous 
branches  to  the  costa ;  other  branches  very  distant  and  stout,  the  ex- 
ternomedian separated  more  widely  than  usual  from  the  scapular,  es- 
pecially in  the  hind  wing.  Carboniferous.  G.  validum  Scudd.  Mazon 
Creek,  111. 

Didymophleps  Scudd.  All  the  veins  and  branches  above  the  interno- 
median longitudinal  and  nearly  parallel,  nearly  all  the  lower  half  of  the 
wing  being  occupied  by  the  oblique  branches  of  the  internomedian  vein. 
Carboniferous.    D.  coniv^sa  Scudd.    Vermilion  County,  111. 

Homothetm  Scudd.  Mediastinal  vein  extremely  long,  scarcely  sur- 
passed by  the  scapular,  and  with  scarcely  any  branches  to  the  cost:i ; 
externomedian  vein  with  only  a  few  branches  in  the  outer  fourth  of  the 
wing.    Devonian.    R.fossilh  Scudd.    New  Brunswick. 

Mixotermes  Sterz.  Mediastinal  vein  terminating  at  about  the  mid- 
dle of  the  wing;  externomedian  with  several  distant  oblique  branch(fs, 
the  basal  one  thrown  off  far  before  the  middle  of  the  wing.  Carbonif- 
eious.    M.  lugauensis  Sterz.    Lugan,  Germany. 

Omalia  macroptera  Coem.-Ben.  probably  belongs  near  here. 

3.  Family  Palseopterina  Scudder. 

Mediastinal  vein  terminating  on  the  scapular,  not  far  from  the  mid- 
dle of  the  wing;  scapular  vein  with  one  inferior  branch,  which  carries 
a  few  inferior  longitudinal  ofl'ahoots  to  the  tip  of  the  wing;  externo- 
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median  veia  less  Gonspicuoas  than  the  scapular  branch,  often  simple; 
internomedian  conspicuously  branched  with  oblique  ofifehoots. 

Miamia  Dana.  Scapular  vein  lying  close  beside  the  mediastiual,  its 
coarse  straight,  its  main  branch  arising  near  the  middle  of  the  wing 
and  nowhere  very  distant  from  the  main  stem.  Carboniferous.  M. 
Bronsani  Dana.    Illinois. 

Prapteticus  Scudd.  Scapular  vein  widely  separated  from  the  medi- 
astinal,  its  course  arcuate,  its  main  branch  arising  near  the  base  of  the 
^^^Sj  parting  rather  widely  from  the  main  stem.  Carboniferous.  P. 
in/emus  Scudd.    Illinois. 

Dieconeura  Scudd.  Externomedian  vein  entirely  simple ;  internome- 
dian vein  of  unusual  importance,  extending  far  toward  the  extremity  of 
the  lower  margin.  Carboniferous.  D.  arcuaia  Scudd.  Illinois.  D. 
rifjida  Scudd.    Pennsylvania. 

Strephocladus  Scudd.  Externomedian  vein  simple,  united  by  a  prom- 
inent cross- vein  with  the  main  scapular  branch  near  the  base  of  the 
latter;  internomedian  vein  terminating  near  the  middle  of  the  lower 
border,  with  numerous  parallel  branches  arising  from  its  superior  sur- 
face and  terminating  on  the  lower  border  of  the  wing.  Carboniferous. 
&  suhtilis  Kliv.  sp.    Schiffweiler,  Germany. 

Aethophlebia  Scudd.  Internomedian  vein  terminating  before  the  mid- 
dle of  the  lower  border,  emitting  a  single  main  branch  beyond  its  middle, 
which  is  superior  and,  with  the  median  fork  of  the  externomedian  and 
the  larger  part  of  the  main  scapular  branch,  forms  a  continuous  ad- 
ventitious vein  crossing  diagonally  the  course  of  the  principal  nervules 
of  the  wing ;  the  ultimate  offshoots  of  the  externomedian  vein  arise 
in(JifFerently  from  the  main  vein  and  the  principal  branch  and  are  par- 
allel and  similar  to  the  offshoots  of  the  veins  above.  Carboniferous. 
A.  9ingulari8  Scudd.    Illinois. 

4.  Family  Zenoneuridsd  Scudder. 

Mediastinal  and  scapular  veins  as  in  the  Palaeopterina;  externome- 
dian vein  amalgamated  at  the  base  with  the  scapular  and  beyond  the 
middle  branching  conspicuously;  internomedian  vein  divided  at  the 
base  into  two  simple  branches.  Xenoneura  antiquorum  Scudd.  De- 
vonian.   Kew  Brunswick. 

5.  Family  Hemeristina  Scudder. 

Mediastinal  vein  terminating  on  the  costa ;  scapular  vein  with  one 
inferior  branch  arising  in  the  basal  half  of  the  wing,  running  parallel  to 
the  main  vein  and  supporting  a  considerable  number  of  subequidistant 
oblique  branches,  occupying  the  apex  or  more  than  the  apex  of  the 
wing;  externomedian  variable,  generally  branching  considerably  in  its 
apical  half;  internomedian  similar  to  the  externomedian,  but  generally 
less  important. 
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Lithomaniis  Wooihv.  Protborax  with  largo  lateral  lobes.  Medias- 
tiual  vein  lartlier  from  the  margin  in  tlie  aiiddle  tlian^at  base  of  wing  ; 
internomediau  area  fally  aw  extensile  as  the  extjernomedian.  Civrbouif 
erous.    L.  carhonaria  Woodw.     Scotland. 

Liihosialis  Suudd.  Mediastinal  vein  gradually  approaching  the  mar- 
gin all  the  way  from  the  base.  Internomedian  area  far  less  extenRive 
thnn  the  externoinedian.  Carboniferous.  L,  Brongniarfi  Mantel  I  sp. 
Coalbrookdale,  Enfrhmd.  L.  bohemica  Nov^ik  sp.  Bohemia.  L,  carbon- 
aria  Germ.  sp.    Wcttiu,  Germany. 

Brodia  Scudd.  Scapular  vein  parallel  to  border ;  oftshoots  of  its  main 
branch  distant,  curving  strongly  downward,  occupying  a  large  propor- 
tion of  the  wing;  base  of  the  main  scapular  branch  connected  by  a 
.strong  longitudinally  oblique  cross- vein  with  the  exteruomedian.  Car- 
boniferous    B.  priseotincta  Scudd.     Tii)ton,  England. 

Pachytylopsis  Borre.  Scapular  vein  arcuate,  approaching  the  border 
gradually  almost  from  the  base;  scapular  oftshoots  longitudinally  ob- 
lique.   Carboniferous.    P.  Pershiairei  Borre.     Mons,  Belgium. 

Liihentomvm  Scudd.  Main  scapular  branch  with  a  single  or  at  most 
two  branchCvS,  which  are  almost  wholly  longitudinal.  Devonian.  L. 
Rarttii  Scudd.     New  Brunswick. 

ChreHtotes  Scudd.  Main  scapular  branch  straight,  close,  aud  parallel 
to  the  main  stem,  with  comparatively  few  offshoots;  principal  anal 
vein  deeply  impressed.  Carboniferous.  (7.  lapidea  Scudd.  Mazon 
Creek,  111. 

Eemeristia  Dana.  Scapular  branch  strongly  arcuate,  at  its  base  dis- 
tant from  the  main  stem,  and  at  first  taking  the  coarse  of  its  basal  off- 
shoot.   Carboniferous.    H.  occidentalis  Dana.    Mazon  Greek,  111. 

6.  Family  Oerarina  Scndder. 

Mediastinal  terminating  on  the  costa ;  scapular  vein  the  most  im- 
portant  in  the  wing,  with  several  offshoots,  all  arising  firom  the  main 
stem  ;  extemomedian  vein  with  offshoots  closely  resembling  those  of 
the  scapular  vein,  but  generally  less  important ;  internomedian  still 
less  important,  sometimes  simple. 

Polyernus  Scudd.  Body  moderately  stout;  wings  rather  broad ;  me- 
diastinal vein  extending  nearly  to  tip  of  wing;  branches  of  scapnlar 
vein  inequidistant  at  origin,  very  longitudinal,  closely  crowded  and 
ramose,  and  yet  hardly  more  important  than  the  extemomedian  vein. 
Carboniferous.  P.complanatus  Scudd.  Mazon  Creek, 111.  P.laminarum 
Scudd.     Pittston,  Pa. 

Oerarus  Scudd.  Body  slender,  tapering  greatly  anteriorly ;  wings 
slender ;  mediastinal  vein  variable ;  branches  of  scapular  vein  numer- 
ous, more  or  less  longitudinal,  simple  or  forked,  occupying  much  more 
space  than  the  branches  of  any  other  vein.  Carboniferous.  G.  veixts 
Scudd.,  O,  ma^onus  Scudd.,  O.  Danm  Scudd.    Mazon  Creek,  111. 
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Adiphlebia  Scudi.  Body  rather  stout  aud  equal ;  wiugs  rather  broad ; 
all  the  nervules  simple,  arising  from  their  stems  near  the  base  of  the 
wings,  subparallel  and  longitudinal.  A.  Lacoana  Scudd,  Mazon  Creek, 
III 

Megathentomum  Scudd.  Wings  of  great  size,  remarkably  broad  and 
rounded;  most  of  the  veins  dividing  into  principal  branches  near  the 
base,  the  branches  longitudinal  and  again  forking  only  near  the  mar- 
gin. Carboniferous,  if.  pustulatum  Scudd.  Mazon  Creek,  111.  M. 
formosMm  Gold.  sp.    Fischbach,  Germany. 

3.  Section  HEMIPTEBOIDEA  Scudder. 

Etigereon  Dohrn.  The  thoracic  joints  are  twice  as  broad  as  long, 
whRe  the  head  is  slender,  less  than  a  fourth  their  width,  with  lancet- 
shaped  mouth-parts  and  fiilitbrm  niultiarticulate  antennae;  front  and 
hind  wings  similar  in  size  and  shape  and  generally  in  structure,  being 
long  and  elongated ;  mediastinal  vein  distant  from,  parallel  to,  and  con- 
nected by  transverse  veins  with  the  margin  5  scapular  with  a  princi- 
pal brapch  which  parts  widely  from  it;  the  nervules,  which  strike  the 
lower  margin,  curve  downward  rapidly  as  they  approach  it:  front  legs 
very  long,  the  tibiae  nearly  twice  the  length  of  the  femora.  Permian. 
E.  Bockingi  Dohrn.  Birkenfeld,  Germany.  Fritsch  indicates  a  second 
species  from  Nyran,  Bohemia. 

Fulgorina  Goldenb.  Mediastinal  and  scapular  veins  both  terminating 
on  the  costal  margin  in  the  outer  half  of  the  wing,  the  latter  with  sev- 
eral  basal  branches,  from  the  outer  of  which,  which  runs  in  close  prox- 
imity to  the  main  vein,  most  of  the  forking  nervules  take  their  rise; 
branches  of  the  externomedian  sux)erior  and  parallel  to  the  scai)ular 
branches ;  internomedian  forked  distally,  the  branches  of  the  upper  fork 
superior,  of  the  lower  fork  inferior;  anal  area  separated  by  an  emargi- 
nation  from  the  rest  of  the  wing.  Permian.  F.  Ehersi  Dohrn  (sp.). 
Saarbriick  basin. 

The  other  species  referred  to  Fulgorina  as  well  as  Goldenberg's  Mao- 
rophlebium  Hollebeni  are  probably  hind  wings  of  PalsBoblattariae. 

Phthanoi^ris  Scudd.  An  archaic  heteropterous  type,  in  which  the 
front  wing  is  already  differentiated  in  structure  from  the  hind  wing,  a 
large  corium  being  present,  distinct  from  the  membrane,  as  well  as  a 
very  narrow,  unimportant  clavus,  the  sntura  clavi  arising  below  the 
middle  of  the  wing  and  reaching  to  the  extremity  of  the  corium ;  no 
emboliam  or  cuneus  exists  and  the  mediastinal  and  scapular  veins 
are  widely  separate  at  base.  Carboniferous.  P.  occidentalis  Scudd. 
Missouri. 

4.  Section  COLEOPTEBOIDEA  Scudder. 

These  are  perhaps  indicated  by  the  diflerent  borings  brought  to  notice 
byGeinitz  in  the  Coal  Measures  of  Saxony  and  by  Brongniart  in  the  Car- 
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bonifeious  limestone  of  AutuD.     Troxites  Germari  Goldeob.,  from  Saar- 
briick,  is  probably  no  insect  at  all — perhaps  a  fossil  frnit.* 

Hrongniart  has  recently  figured  and  briefly  described  an  exceedingly 
interesting  wing  from  the  middle  Silurian  sandstone  of  Calvados, 
France,  which  he  considers  one  of  the  Palaeoblattarisd  and  has  named 
Palceoblattina  Douvillei.  As  a  sketch  kindly  furnished  me  by  Mr. 
Brongniart  does  not  appear  to  support  this  reference,  it  is  here  placed 
iit  the  end  of  the  Palseodictyoptera,  awaiting  the  fuller  details  concern- 
ing it  promised  by  Mr.  Brongniart. 

B HETEEOMETABOLA  Packard. 

Body  generally  bulky,  flattened,  and  ill-constructed  for  varied  flight. 
Prothorax  large;  the  thoracic  joints  loosely  compacted;  abdomen  gener- 
ally sessile;  mouth-parts  generally  mandibulate;  front  w'ings  more  or 
less  coriaceous  or  with  numerous  and  thickened  veins,  generally  smaller 
than  the  hind  wings,  often  reticulate.  Metamorphosis  generally  incom- 
plete, the  pupa  then  active. 

1.  Order  OETHOPTEEA  Olivier. 

BIBLIOGRAPHY. 

(See,  also,  pp.  32  and  36.) 

Beretultf  G,  C,    M^raoire  pour  servir  d.  Phistoire  des  Blattos  ant^ilnvieniies.     Ann. 

soc.  entom.  de  Franc©.    Tome  V.     PL  16.     8vo.     Parie,  1836. 
Germar,  E.  F,^  and  Berendt,  G.  0.    Die  im  Bernstein  befindlichen  Hemipteren  nnd 

Orthopteren  der  Vorwelt.     4  plates  (1  Orthopt.)/     Fol.     Berlin,  1656. 
HeeTj  O.    Ueber  die  fossilen  Kakerlakeu.    Vierteljahrsschr.  d.  uaturf.  Ges.  Ztirich. 

Baud  IX.    8vo.     ZUricli,  18G4. 
ScuddeTt  S,  H.    Fossil  Ortboptera  from  the  Rocky  Mountain  Tertiaries.     Bull,  U.  S. 

Geol.  Surv.  Terr.     Vol.  II.     8vo.     Washington,  1876. 

Triassic  insects  from  the  Rocky  Monntains.     American  Journ.  Sc.  Arts.    [3.] 

Vol.  XXVIII.     Hvo.     New  Haven,  1884.  * 

Notes  on  Mesozoic  cockroaches.     Proc.  Acad.  Nat.  Sc.     8vo.    Philadelphia, 

1885. 

A  review  of  Mesozoic  cockroaches.     Mem.  Bost.    Soc.  Nat.  Hist.     Vol.  III. 


PI.  46-48.     4to.     Boston,  1886. 

Body  usually  robust,  often  depressed  or  compressed;  the  integument 
coriaceous;  ocelli  generally  present.  Antennae  generally  long,  with  rare 
exceptions  simple  and  filiform.  Mouth-parts  adapted  for  biting;  man- 
dible stout,  labium  bifid.  Pronotum  large  and  distinct.  Front  wings 
coriaceous,  in  the  flying  species  much  smaller  and  especially  narrower 
than  the  hind  wings,  which  are  plaited  and  sometimes  transversely 
folded  in  repose,  the  anal  area  being  very  largely  developed ;  membrane 
of  both  pair  reticulate,  with  quadrangular  cells.     Female  usually  pro- 

^  See  foot-note,  p.  106. 
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vided    with  an    ovipositor.    Metamorphosis    incomplete;   terrestrial 
throughout  life. 

1.  Family  Forflcnlari®. 

The  earliest  record  we  have  of  earwigs  is  in  the  Lias  of  Scharabelen, 
where  an  extinet  genns,  Baseopsis  Heer,  is  found,  which  Heer  looks  upon 
as  ^^  a  remarkable  connecting  link  between  the  Orthopteraand  theCole- 
optera.^  Unfortunately  the  forceps  are  not  preserved.  The  only  other 
Mesozoic  species  is  an  obscure  form  from  Solenhofen,  called  Forficula- 
ria  by  Weyeubergh. 

In  the  Tertiaries  they  are  more  abundant,  though  rare.  M^nge  and 
Uravenhorst  speak  of  their  occurrence  in  amber,  Serres  catalogues  them 
a8  found  at  Aix,  and  four  species  are  figured  by  Heer  and  Massalongo 
as  occurring  in  the  beds  of  Oeningen  and  Monte  Bolca.  But  they  are 
more  abundant  in  American  rocks,  eleven  species  being  found  at  Flor- 
issant, Colo. ;  all  are  referred  to  a  single  genus,  Labiduromma  Scndd., 
with  unusually  large  eyes ;  some  of  them  are  of  very  large  size,  and 
some  are  preserved  with  the  hind  wings  fully  expanded,  showing  that 
as  early  as  the  Oligooene  the  peculiar  structure  of  these  organs. was 
already  fully  developed. 

2.  Family  BlattariflD. 

This  family  is  one  of  the  most  interesting  of  all  that  occur  in  Mesozoic 
rucks,  ai3  itisthe  only  one  at  allwell  represented  in  the  Trias,  lieference 
lias  already  been  made  to  the  genera  of  Palieoblactariiu  (Etoblattina, 
iSpiloblattina,  Petrablattina,  and  Poroblattiua)  which  are  found  either 
in  part  or  exclusively  in  these  oldest  Mesozoic  rocks.  In  addition  to 
them  we  have  the  three  following  genera  of  Blattinarise  in  the  same 
deposits : 

meorikroblattina  Scudd.  Fore- wings  ovate,  diaphanous;  tiprouuded, 
but  a  little  produced;  mediastinal  and  scapular  veins  blended  into  one, 
occupying  nearly  half  the  wing,  the  main  vein  gently  sinuous,  but  uot 
leachiDg  the  apex,  the  veins  terminating  on  the  margin.  Trias. 
Four  species.     Colorado. 

Scutinohlattina  Scudd.  Fore-wings  subtriaugular,  tapering,  strongly 
convex  at  base,  coriaceous,  obscuring  the  venation ;  combined  medias- 
tinal and  scapular  vein  straight  and  terminating  below  the  apex.  Trias. 
Three  species.    Colorado. 

Legnaphara  Heer.  Fore-wings  ovate,  coriaceous,  obscuring  the  rela- 
tions of  the  thickened  veins  and  branches ;  mediastinal  and  scapular 
veins  apparently  blended  and  occupying  nearly  half  the  wing.  Trias. 
L.  Oirardi  Heer.    Trebitz,  Germany* 

Cockroaches  are  also  pretty  abundant  in  the  Jurassic  rocks,  over  forty 
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species  having  already  been  figured,  principally  from  the  Upper  Oolite  of 
England.  Among  the  more  interesting  of  the  Jurassic  genera,  very 
few  of  which  have  been  properly  studied,  are  the  following : 

Blattidium  Westw.  Kemarkable  for  the  extreme  length,  slenderness, 
and  equal  breadth  of  the  wings.  The  scdpular  and  externome<liau 
veins  are  blended  and,  with  the  internomedian  vein,  send  long,  parallel, 
seldom  forked  branches  to  the  outer  margin  of  the  wing.  Lower  Pur- 
becks.    Two  or  three  8i)ecies.     England. 

Rithma  Gieb.  Wings  tapering  from  the  base,  the  blended  medias- 
tinal and  scapular  area  occupying  half  the  wing  and  terminating  at  or 
below  the  tip.  In  other  respects  closely  resembling  the  Triassic  Neor- 
throblattina.  Lias  and  Oolite.  Four  species.  Eugland  and  Switzer- 
land. 

JBlisama  Gieb.  Wings  rather  stout ;  mediastinal  and  scapular  veins 
blended  and  occupying  the  upper  half  of  the  wing;  externomedian 
and  internomedian  veins  curving  very  strongly  downward  at  bawe  and 
then  running  longitudinally ;  anal  area  reduced  to  a  minimum.  Upper 
Oolite.    Two  species.     England. 

Mesoblattina  E.  Gein.  Wings  slendfer,  resembling  the  preceding, 
but  the  anal  area  of  normal  or  even  large  size,  and  the  externomedian 
and  internomedian  veins  less  abruptly  curved  at  the  base.  Lias  and 
Oolite.    A  dozen  or  more  species.    England,  Germany,  and  Switzerland. 

Fterinohlattina  Scudd.  Front  wings  resembling  a  feather  with  its 
shaft  and  barbs,  the  shaft,  always  straight  and  lateral,  being  formed  of 
the  parallel  and  approximate  mediastinal,  scapular,  and  externomedian 
veins;  the  barbs,  of  the  long,  straight,  and  mostly  simple  mediastinal 
and  externomedian  veins.  Lias  and  Oolite.  Six  species.  England 
and  Germany. 

Mesoblattina  is  by  far  the  most  abundant  in  species,  many  unde- 
scribed  and  unf^.gured  forms  existing  in  British  collections,  and  espe- 
cially in  that  of  Rev.  P.  B.  Brodie.  A  species  of  Blabera  is  described  by 
Heyden  from  Solenhofen.  There  are  also  a  considerable  number  of 
other  generic  types  known  in  Mesozoic  rocks,  the  whole  number  of  spe- 
cies, both  of  Paheoblaltarije  and  of  Blattariae,  amounting  to  between 
sixty  and  seventy. 

Of  Tertiary  cockroaches,  the  remains  are  in  general  less  perfectly  pre- 
server!, excepting  where  they  occur  in  amber.  Something  like  a  dozen 
species  are  known,  and  they  have  mostly  been  described  or  merely  men- 
tioned under  the  generic  names  of  Blatta,  Blattina,  or  BLattidium,  by 
Germar,  Heer,  Menge,  Berendt,  Giebel,  Heyden,  and  others,  and  have 
been  recorded  from  Prussian  and  Sicilian  amber,  from  Oeningen,  Eisle- 
ben,  liott,  Spitzbergen,  and  Greenland.  Menge  and  Germar  refer  two 
amber  species  to  Polyzosterin,  lleer  records  as  many  species  of  Hetero- 
gamiafrom  Parschlug,  while  the  American  species  from  Florissant  and 
Green  River  belong  to  Paralatindia,  Zetobora,  and  Homoeogamia. 
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3.  Family  Mantides. 

A  single  very  obscure  wingless  specimen  from  Oeniugen,  Mantis  pro- 
tbgwa^  has  been  figured  by  Heer^  and  Gu6rin  mentions  the  genus  as 
occurring  in  amber. 

4.  Family  Fhasmida. 

The  only  Postpaleozoic  fossil  of  this  family  occurring  in  the  rocks  is  a 
single  specimen  from  the  Oligocene  of  Florissant,  in  Colorado,  belonging 
to  the  genus  Agathemera  and  not  very  far  removed  from  the  genus 
Pseudoperla,  peculiar  to  amber,  of  which  two  species  are  described  by 
Pictet  Pseudoperla  is  remarkable  for  the  shortness  of  the  mesothorax 
and  abdomen  and  the  straightness  of  the  fore-femora.  Besides  these, 
according  to  Menge,  the  amber  has  furnished  specimens  of  Phasmaand 
Bacteria.  Oonsidering  the  abundance  of  walking  sticks  in  Paleozoic 
rocks,  the  absence  of  their  remains  from  Mesozoic  strata  is  rather  re- 
markable. 

6.  Family  Acridii. 

A  few  obscure  fragments,  mostly  saltatorial  legs,  have  been  found 
in  the  Lias  of  Switzerland  and  Upper  Oolite  of  England,  indicating  the 
probable  presence  of  the  group  of  TruxalidoBj  to  which  also  and  to 
(Edipodidce  a  few  wings  from  the  Lias  of  Schambelen  and  of  Dobbertin 
mast  be  referred.  These  have  been  described  by  Heer  and  Geinitz 
under  the  names  of  Gomphocerites  and  Acridiites. 

The  group  of  AcridiidcB  proper  seems  never  to  have  occurred  in  a 
fossil  state,  since  it  is  not  only  absent  from  the  Mesozoic  rocks  but  from 
the  Tertiary  deposits  as  well,  the  species  of  which,  with  the  exception  of 
a  siugle  one  of  the  Tettigidce,  belong,  like  the  Mesozoic  forms,  to  the 
Truxalidcd  and  (Edipodidce.  To  the  former  (Truxalidoe)  belong  (Edip- 
oda  rUgrofasoiolata  Heer,  from  Eadoboj ;  Ooinphocertia  femoralis  Heer, 
from  Oeningen ;  and  Acridium  Barthelemyi  Hope,  from  Aix,  together 
with  a  species  of  Gomphocerus  and  two  species  of  Tyrbula  Scudd.,  from 
Florissant,  Colo.  The  last  named  is  an  interesting  extinct  genus  al- 
lied to  Syrbula  St&l.,  with  clubbed  anteunse,  hind  tibiae  abundantly 
spined,  and  comparatively  small  eyes.  To  the  (Edipodidce  probably 
belong  five  of  the  species  of  GSdipoda  described  by  Heer  from  Oeningen 
and  Eadoboj,  a  species  mentioned  by  Serres  as  occurring  at  Aix,  and 
three  American  species  from  Florissant,  belonging  to  as  many  genera, 
two  of  which,  falling  at  opposite  extremities  of  the  QEdipodan  series, 
are  extinct.  The  only  other  fossil  acridian  published  is  a  species  of 
Tettigidea,  described  by  Heer  from  Oeningen  under  the  name  of  Tetrix 
gracilis;  but  an  insect  from  Aix  allied  to  Ohimarocephala  is  in  the 
Paris  museum  and  Woodward  mentions  a  species  of  this  faniily  from 
the  Isle  of  Wight.  Not  a  single  specimen  of  this  family  has  been  re- 
ported from  amber. 
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6.  Family  LocnstarisB. 

A  few  representatives  only  of  this  family  have  been  found  in  Mesozoic 
rocks.  Three  or  four  species  are  known  from  Solenhofen  and  figured 
by  Grermar,  Weyenbergh,  and  Hagen;  one  of  them,  Locmta  speciosa 
Miinst.,  is  gigantic  and  all  are  o'bscure.  Another  species  looked  upon  by 
E.  Geinitz  as  a  Gryllacris  is  described  from  Dobbertin ;  and  when  the 
Mesozoic  species  from  England,  figured  by  Brodie  and  Westwood,  are 
more  carefully  studied,  some  will  probably  be  found  to  fall  here. 

The  Tertiary  forms  are  not  numerous  :  two  species  each  of  Decticus, 
Gryllacris,  and  Locusta  have  been  described  by  Heer,  Germar,  and 
Fritsch  from  Oeningen,  Eadoboj,  the  Bhenish  coal,  Greenland,  and 
Freudeuhain  in  Bohemia,  while  single  species  of  Locustites  and  Phan- 
eroptera  are  figured  by  Heer  from  Parschlug  and  Oeningen.  Serres 
also  reports  a  species  from  Aix,  and  Capellini  one  from  Gabbro.  '^o 
specimen  of  this  family  seems  to  have  been  found  in  amber  excepting 
a  few  larval  forms  figured  by  Germar. 

It  is  a  little  difiicult  to  place  the  fossil  forms  so  far  recorded  from 
Europe,  but  the  species  of  Decticus  described  by  Heer  and  Fritsch,  from 
Oeningen  and  Freudenhain,  as  well  as  Germar's  Locusta  exUncta^  appear 
to  be  Decticidoe,  Phaneroptera  vetusta  Heer,  from  Oeningen,  seems  to 
fall  in  the  Fhyllophoridw;  Locnstii  grcenlandica  Heer  and  perhaps  Ser- 
res's  species,  in  the  Pseudophyllidw ;  the  two  species  of  Gryllacris  from 
Badoboj  and  the  species  indicated  by  Capellini,  in  the  €hrylla>crididcB.  In 
America  a  single  species  of  each  of  these  groups,  excepting  the  Decticidce^ 
belonging  respectively  to  the  genera  Lithymnetes,  Oymatomera,  and 
Gryllacris,  has  been  found  at  Florissant,  together  with  one  species 
each  of  Orchelimum  and  Locusta,  representing  the  Conocephalidce^  a 
group  which  does  not  appear  to  occur  fossil  in  Europe.  Thus,  although 
the  total  representation  of  the  family  in  the  Tertiary  rocks  is  very  fee- 
ble, all  its  principal  subdivisions  are  present. 

7.  Family  Gryllides. 

The  Lias  of  England  and  Germany  presents  a  peculiar  type  of  cricket, 
that  from  Dobbertin  having  been  described  by  E.  Geinitz  under  the  name 
of  0ryllu8  dobbertinensis ;  it  is  the  only  described  Mesozoic  species 
and  its  exact  position  is  not  clear. 

The  Tertiary  deposits  show  a  considerable  variety  of  forms,  though  the 
species  are  not  numerous.  Only  a  single  one  has  been  fully  described 
from  amber  and  a  second  figured  from  Oeningen.  Serres,  however,  men- 
tions seven  species  as  occurring  at  Aix,  of  which  two  are  said  to  belong 
to  Gryllotalpa  (Heer  also  mentions  a  Gryllotalpa  from  Oeningen)  and 
one  to  Xya,  while  he  compares  the  four  others  to  species  of  (Ecanthus, 
Gryllus,  and  Kemobius.  Beer's  OryUus  troglodytes^  from  Oeningen,- is 
probably  a  ^^emobius,  and  the  amber  si^ecies,  Oryllus  mucrocerusj  one 
of  the  Trigonidcd.  Three  species  occur  in  the  Green  Riverbeds  of  Wyo- 
ming, all  belonging  to  a  single  genus  closely  allied  to  Nemobius. 
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2.  Order  HEUROPTEBA  Linn& 
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Body  elongated,  generally  cylindrical,  the  integument  coriaceous. 
Antennae  of  variable  length,  but  with  rare  exceptions  simple  and  flli- 
form.  Mouth-parts  adapted  for  biting ;  mandibles  slender.  Pronotum 
vcrj'  variable.  Both  pairs  of  wings  large,  membranous,  subequal;  the 
membrane  reticulate,  with  usually  polygonal  cells.  Female  rarely  pro- 
vided with  an  ovipositor.  Metamorphosis  complete  (Neuroptera  vera) 
or  incomplete  (Pseudoneuroptera) ;  usually  aquatic  in  early  life. 

The  Pseudoneuroptera  have  been  separated  from  the  Neuroptera 
proper  by  most  recent  writers,  either  as  an  independent  order  or,  fol- 
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lowing  Erich8ou,  as  a  part  of  the  Orthoptera.  There  does  not  seem  to 
be  sufficient  reason  for  considering  them  a  distinct  order  and  the  nature 
of  their  metamorphosis  offers  the  most  valid  ground  for  uniting  them 
with  the  Orthbptera.  Their  retention,  as  here,  with  the  Neuroptera  is, 
however,  defensible  on  paleontological  grounds. 

1.  Suborder  Pseudoneubopteba  Erichson. 

1.  Family  ThyBannra. 

Notwithstanding  the  simple  structure  of  this  apterous  group,  it  is 
not  known  earlier  than  Tertiary  times^  and  would  scarcely  be  known 
then  but  for  the  amber  inclusions.  The  Oollembola  have  not  received  a 
careful  study  since  they  were  first  described  thirty  years  ago  by  Koch, 
who  was  content  to  employ  for  the  most  part  the  old  and  comprehensive 
genera,  Podura  and  Smynthurus,  into  which  he  threw  seven  of  the  ten 
species  described.  The  others  were  referred  to  Paidium  and  a  new 
genus,  Acreagris,  which  Menge  looks  upon  as  only  the  female  form  of 
the  Goccid  genus  Monophlebus.  The  Oinura  received  closer  attention 
from  Menge,  and  they  are  more  numerous  in  species,  about  fifteen  hav- 
ing been  described  by  Koch  and  Berendt  and  by  Menge,  and  they  in- 
clude some  remarkable  forms.  One  of  them,  described  under  the 
generic  name  Glessaria  by  Koch  and  Berendt,  is  with  reason  looked 
upon  by  Zaddach  and  Menge  as  a  larva  of  some  other  neuropterous 
group.  Menge  briefly  describes  three  extinct  genera,  Lampropholie, 
Lepidion,  and  Lepidothrix,  to  which  five  species  are  referred.  Most  of 
the  species  belong  to  Petrobius,  but  there  is  a  single  species  each  of 
Forbicina  and  Lepisma.  A  single  specimen  of  one  of  the  Cinura  has  been 
found  in  the  American  Tertiary  deposits  of  Florissant  and  is  remarka- 
ble for  its  broad  and  flat  femora.  Florissant  has  also  furnished  in  con- 
siderable abundance  specimens  of  a  very  anomalous  creature  believed 
to  belong  here,  but  to  form  a  special  group  of  Thysanura  called  BaUos- 
tomay  coming  between  the  Cinura  and  Symphyla.  Its  head  is  reduced 
to  nothing  but  mouth-parts  and  gullet,  which  formed  an  extensible  Boft 
proboscis,  which  when  at  rest  was  withdrawn  beneath  the  hood-like 
prothoracic  joint ;  the  legs  were  strongly  developed,  with  expanded 
and  flattened  femora  and  tibiae  and  two-jointed  tarsi  terminating  in  a 
single  claw ;  the  abdomen  was  furnished  with  apical  hooks  apparently 
used  for  retrogressive  motion.  On  account  of  the  headless  character  of 
the  creature  it  has  been  called  Planocephalus. 

2.  Family  Termitina. 

It  ha«  generally  been  supposed  that  the  white  ants  were  present  and 
tolerably  well  represented  in  Paleozoic  rocks,  but  most  of  the  species 

^Sinoe  this  was  written,  Charles  Brongniart  informs  me  that  he  has  found  a  species 
of  this  gronp  in  the  Carboniferous  deposits  of  Commentry,  France. 
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which  have  been  referred  to  this  family  have  been  shown  by  recent  re- 
searches to  belong  to  the  Protophasmida,  and  the  others  to  various 
nearopteroid  Palaeodictyoptera,  At  least  half  a  dozen  species  are 
kaown  from  the  Mesozoic  rocks,  however,  most  of  them  from  the  Lias 
of  England,  Germany,  and  Switzerland,  the  most  common  type  being 
the  extinct  gen  as  Olathrotermes  Heer,  peculiar  for  its  namerous,  trans- 
verse, gently  oblique  cross-veins  in  the  costal  field  and  for  the  dark 
quadrate  spots  which  usaally  accompany  these  and  other  cross- veins. 
If  we  are  to  follow  E.  Oeinitz,  the  species  must  have  been  exceedingly 
variable.  Two  white  ants  also  occur  in  the  Oolite  of  Bavaria,  which 
Hagen  refers  to  Termes  proper. 

lu  Tertiary  times  they  were  more  abundant,  numbering  already  about 
one-fourth  as  many  as  the  known  living  species;  nearly  every  existing 
^euQs  occurs,  and,  in  addition,  in  American  rocks  an  extinct  genus,  Pa- 
rotennes,  characterized  by  the  presence  of  distinct  inferior  branches  to 
the  scapulae*  vein,  the  slight  development  of  the  internomedian  vein, 
with  the  large  development  of  the  externomedian,  which  runs  more 
closely  than  usual  to  the  scapular  vein  and  has  unusually  longitudinal 
branches.  The  genera  of  Termitina  are  divided  by  Hagen  into  two  sec- 
tions, according  to  whether  the  scapular  vein  is  branched  or  not;  about 
two-thirds  of  the  recent  species  belong  to  the  section  with  simple  scapu- 
lar and  one-third  to  the  other  section,  while  the  proportion  is  exactly 
reversed  in  Tertiary  types.  Of  the  several  genera,  Parotermes  is  repre- 
sented by  three  species  at  Florissant;  Calotermes,  by  three  species  in 
amber  and  at  Bott;  Termopsis,  by  three  in  amber;  Hodotermes,  by  six 
species  at  Oeningen,  Eadoboj,  Schossnitz,  and  ^Florissant,  but  curiously 
none  in  amber;  Termes,  by  three  species  in  amber,  at  Oeningen,  and  at 
Radoboj ;  and  Eutermes,  by  four  species,  equally  divided  between  Rado- 
boj  and  Florissant.  Besides  these,  species  have  been  indicated  from 
Sieblos,  Monte  Bolca,  and  the  Isle  of  Wight.  All  the  specimens  so  far 
foojid,  with  two  exceptions,  have  been  winged;  a  single  larva  has  been 
found  in  amber  and  one  at  Florissg^nt.  There  is  probably  no  group  of 
Tertiary  insects  concerning  which  our, knowledge  is  more  exact  than  is 
the  case  with  the  white  ants.  Hagen  has  examined  over  one  hundred 
and  fifty  specimens  from  amber  and  twenty-five  specimens  have  been 
obtained  from  Florissant. 

3.  Family  Embidina. 

Of  this  anomalous  and  limited  group,  which  Wood-Mason  has  recently 
attempted  to  show  should  be  removed  to  the  Orthoptera,  a  single  species, 
OUgotoma  antiqua  Pict.  sp.,  from  amber,  has  been  found  fossil,  repre- 
sentwl,  however,  only  by  larval  forms. 

4.  Family  Faocina. 

This  group  has  been  found  fossil  only  in  amber,  but  here  in  consid- 
erable abundance,  since  several  of  the  species  are  represented  by  twenty, 
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thirty,  or  even  sixty  individaalB,  and  fifteen  species  are  recognized, 
about  one-ninth  the  number  of  living  species  known,  but  nearly  one- 
half  as  many  as  the  species  now  living  in  Germany  according  to  the 
latest  monograph  by  Kolbe.  These  fossil  species  are  divided  among 
ten  genera  as  follows:  Troctes,  1  ;  Sphseropsocus,  1;  Empheria,  2;  Ar- 
chipsocus,  2;  Amphientomum,  1 ;  Epipsocus,  1;  CaBcilius,3;  Philotar- 
sns,  2^  Psocus,  1;  Elipsocus,  1.  The  genera  Spheeropsocus,  Emphe- 
ria,  and  Archipsocus  are  peculiar  to  amber;  the  first  mentioned,  a  most 
remarkable  form,  has  the  front  wings  developed  into  the  semblance  of 
elytra.  It  is  worthy  of  note  that,  while  in  the  existing  fauna  of  Europe 
the  groups  to  which  Psocus  and  Elipsocus  belong  embrace  about  half  .the 
species,  they  include  only  one-seventh  the  amber  fauna.  Hagen  and 
Kolbe  are  at  variance  on  the  interpretation  of  these  facts. 

5.  Family  Perlina. 

With  the  exception  of  a  fossil  from  the  Eocene  of  the  Isle  of  Wight, 
referred  to  this  family,  and  of  a  species  of  Leuctra  described  by  Hagen 
from  the  Miocene  of  Bott,  all  our  knowledge  of  the  Perlina  in  ancient 
times  is  through  the  amber  deposits.  Thirteen  species  are  known,  be- 
longing to  the  genera  Perla,  Teeniopteryx,  Leuctra,  and  Nemura.,  all 
existing  genera,  and  the  species  present  no  peculiarities  worth  special 
mention,  being  similar  to  existing  types  in  north  temperate  regions, 
though  in  no  case  identical  with  them.  It  is  worth  remarking,  how- 
ever, that  the  number  of  species  known  from  Prussian  amber  is  nearly 
half  that  of  those  now  living  in  Austria. 

6.  Family  Ephemerides. 

Undoubted  remains  of  four  or  five  species  of  this  family  occur  in  the 
Oolite  of  Solenhofen,  some  of  very  large  size,  most  of  which  have  been 
described  under  the  generic  name  Ephemera,  but  one,  in  which  the 
neuration,  so  far  as  it  goes,  is  perfectly  preserved,  has*been  referred  to 
a  new  genus,  Hexagenites.  Eichwald  also  describes  and  figures  under 
the  name  of  Ephemeropsis  a  larva  found  in  the  Siberian  Jurassic 
rocks. 

Our  knowledge  of  Tertiary  species  comes  largely  from  amber  inclu- 
sions, but  Heer  and  Scndder  each  describe  a  species  of  Ephemera  from 
Oeningen  and  Florissant,  and  the  latter  distinguishes  in  addition  five 
species  from  Florissant  in  an  immature  state.  Wilkinson  has  also  found 
a  species  in  Australia.  The  amber  species  are  eight  in  number,  three 
of  which  are  species  of  Baetis  and  the  others  are  distributed  among  the 
genera  Leptophlebia,  Palingenia,  Potamanthus,  and  Cronicus,  the  last 
an  extinct  genus  allied  to  Heptagenia,  distinguished  from  it  by  the 
four-jointed  forceps  of  the  male  and  the  shortness  of  the  middle  anal 
bristle. 
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7.  Family  Odonata. 

The  strongly  limited  group  of  dragon  flies  makes  its  appearance  in  the 
Lias  in  considerable  variety  and  apparently  as  highly  specialized  as  to- 
day, for  no  less  than  four  tribes  are  present,  the  true  Agrionina  and  the 
Cordulina  alone  being  absent.  JEschnidas  are  the  most  abundant,  the 
JEschnina  being  represented  by  a  species  of  ^schna  at  Schambelen 
and  the  Qomphina  by  one  species  each  of  Petalura  and  Gomphoides 
from  England.  Calopterygina  come  next,  with  one  species  each  of  Tar- 
sophlebia  and  Heterophiebia,  both  extinct  genera,  also  from  England, 
and  finally  a  species  of  Libellula  from  England.  The  same  relation 
holds  in  passing  upward  into  the  Oolite,  where  the  Agrionidse  are  added. 
Here  we  have  thirty-two  species,  of  which  half  are  Agrionidcc:  four 
Agrionina^  and  twelve  Cahpteryginaj  of  five  genera,  mostly  extinct, 
namely,  Isophlebia,  2;  Heterophiebia,  2;  Stenophlebia,  3 ;  Tarsophle- 
bia,  1;  and  Enphsea,  4 ;  three  are  JEschnina^  of  the  genera  Anax  and 
^schna ;  eight  Qamphina^  of  some  undetermined  genera,  besides  Pe- 
talura and  Petalia ;  and  finally  five  Libellulina,  of  about  as  many  gen- 
era, yet  nndescribed.  A  species  of  Gomphina  has  also  been  found  in 
the  Wealden  of  England.  The  lithographic  slates  of  Bavaria  afford 
nameroQS,  sometimes  wonderfully  preserved,  dragon  fiies,  called  by 
the  workmen  Stangenreiter  or  Schladen-Vogel,  which  have  been  care, 
folly  studied  by  Hagen;  They  lie  on  the  stone  with  expanded  wings  and 
are  generally  larger  than  modern  types ;  sometimes  the  most  delicate 
veins  are  perfectly  preserved.  Most  of  them  are  referred  to  extinct 
genera. 

Considering  the  comparative  'abundance  of  this  group  in  the  second- 
ary rocks,  one  would  expect  to  find  a  better  representation  in  the  Ter- 
tiaries  than  is  the  case,  for,  even  counting  all  the  species  founded  upon 
the  immature  stages  as  distinct  from  any  of  those  established  upon 
wings,  the  Tertiary  species  are  less  than  twice  as  numerous  as  those 
torn  the  secondary  rocks.  The  subfamilies  are  about  equally  repre- 
sented, though  the  Agrionidce  are  a  little  in  excess,  and  the  species  are 
ver>'  unequally  distributed  among  the  tribes.  Thus  there  are  twenty- 
two  species  of  Agrionina:  of  the  genera  Agrion,  7;  Lestes,  6;  Argya, 
1;  Platycnemis,2;  Sterope,!;  Dysagrion,3;  Podagrion,  1;  andLithag- 
rion,  2,  the  last  four  genera  being  extinct ;  while  there  is  but  a  single 
species  of  CaJopterygina  known  by  a  pupal  form,  from  amber,  a  curious 
reversal  of  the  proportion  in  Mesozoic  rocks.  The  ^scknidce  are  more 
equally  balanced  between  the  tribes,  the  Gomphina  being  represented 
by  six  species,  of  the  genera  Gomphus,  Gomphoides,  Ictinus,  and  Peta- 
lora,  and  the  JEJschina  by  nine,  of  the  genera  ^schna,  8,  and  Anax,  1. 
The  Libellulid^By  however,  have  again  only  a  single  species  of  Cordulina^ 
but  sixteen  species  of  Inbellulinaj  all  except  one,  a  Celithemis,  referred 
to  Libellula  in  a  broad  sense.    Nearly  every  locality  where  Tertiary 
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insects  are  foand,  even  inchidiug  amber,  has  supplied  its  qnota  of  this 
family,  and  some  localities,  such  as  Oeningen,  have  furnished  the  larvae 
and  pnpsB  in  great  numbers. 

2.  Suborder  Neubopteba  veba  Erichson. 
1.  Family  Sialina. 

This  group  was  well  represented  in  Mesozoic  times,  but  the  species 
have  never  been  carefully  studied  or  compared.  Three  species  are 
found  as  far  dowi^  as  the  Trias  (of  Switzerland),  and  referred  to  Ghau- 
liodites,  while  in  Oolitic  rocks  are  found,  especially  in  the  Lias  and 
Purbecks  of  England,  but  also  iti  the  Dobbertin  Lias,  a  considerable 
number  of  types,  which  have  been  referred  to  species  of  Bhaphidium, 
Sialium,  Chauliodites,  and  Hagla,  of  which  the  last  is  the  prevailing 
type.  MormoVucoidei  articulatua  Hitchc.  is  the  larva  of  a  species  of  this 
group  found  abundantly  in  the  new  red  sandstone  of  the  Connecticut 
Eiver  in  Few  England,  and  is  the  oldest  larval  form  of  insect  which 
has  been  detected.  An  interesting  relic  is  also  found  in  the  Laramie 
group  of  Colorado  in  the  immense  ootheca  of  Corydalites,  an  insect 
allied  to  Corydalis,  preserved  in  considerable  numbers,  an4  from  which 
the  eggs  can  be  extracted.  Marquis  Saporta  informs  me  that  entirely 
similar  remains  are  fpund  in  the  lower  Garumnian  beds  of  Provence, 
France. 

In  Tertiary  deposits  this  family  is  rare.  In  Europe  it  Is  known  only 
from  amber,  and  is  there  represented  by  one  species  each  of  Inocellia 
and  Chauliodes ;  in  America  only  the  section  of  ^Bhaphidiidde  is  found, 
but  of  this  no  less  than  four  species  of  Inocellia  and  one  of  Ehaphidia, 
frotn  the  single  locality  Florissant ;  all  these  Tertiary  genera  exist  at 
the  present  day. 

2.  Family  Hemerobina. 

The  only  Mesozoic  forms  which  can  certainly  be  referred  to  this  fam- 
ily are  those  reported  from  Solenhofen.  Hagen  catalogues  a  Chrysopa, 
an  Apochrysa,  and  a  Nymphes.  Weyenbergh  figures  a  Chrysopa  and 
two  species  of  Hemerobidae,  one  of  which  may  very  likely  be  an  Apo- 
chrysa, and  the  actual  species  be  thus  reduced  to  four.  All  references 
of  English  secondary  insects  to  this  family  appear  to  be  erroneous. 

In  Tertiary  times  the  species  do  not  appear  to  have  been  numerous, 
but  they  represent  nearly  every  one  of  the  principal  groups.  Of  the 
MyrmeleonidcBy  an  obscure  species,  from  Eadoboj,  is  referred  by  Char- 
pentier  to  Myrmeleon,  and  Burmeister  and  Berendt  mention  seeing  the 
same  genus  in  amber,  but  they  probably  mistook  something  else  for  it. 
Of  AacalaphidoB  Uustalet  describes  an  Ascalaphus  from  Le  Puy,  and  Ha- 
gen a  Suphalasca  from  Stosschen.  Neither  Nemopteridw  nor  Mantispid^K 
have  been  found,  but  Hemerobidce  and  Chrysopidw  are  not  uncommon. 
Of  the  former,  two  species  of  Hemerobius,  besides  a  larva,  are  described 
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from  amber,  and  another  species  is  mentioned  from  the  Isle  of  Wight ; 
one  species  each  of  Nymphes  and  Osmylus  is  found  in  amber,  and  a 
second  species  of  Osmylus  from  Florissant.  All  these  are  existing  gen- 
era, but  an  extinct  genus,  Bothromicromus,  remarkable  for  its  numerous 
sectors,  occurs  in  British  Columbia.  Two  other  extinct  genera  occur  in 
Colorado  in  the  next  group,  the  ChrysopidoBy  Palaeochrysa  with  one  and 
Tribochrj^sa  with  three  species.  A  species  doubtfully  referred  to  the 
ChrysopidcB  is  figured  by  Andrae  from  Thalheim,  and  a  Coniopteryx  from 
amber  represents  the  Goniqpterygidce. 

3.  Family  PanoipidsB. 

To  this  family  have  generally  been  referred  a  considerable  number  of 
small  wings  occurring  almost  exclusively  in  the  English  and  German 
LiaS;  to  which  the  generic  term  Orthophlebia  was  applied  by  Westwood. 
Apparently  it  covered  a  considerable  variety  of  forms,  a  dozen  or  more 
species  having  been  named  and  many  more  being  known,  embracing  a 
considerable  range  of  neuration.  In  general  the  wings  were  of  small 
size  and  had  only  faint  cross- venation,  if  any,  and  the  scapular  and  ex- 
ternomedian  veins  (which,  being  much  bifurcated,  bear  almost  all  the 
branches)  are  blended  at  the  base,  Giebel  has  referred  one  of  them  to 
Panorpa,  but  it  is  of  the  same  general  character  as  the  others,  which 
form  a  distinctively  oolitic  type  of  ]!^europtera,  ranging  as  high  as  the 
Purbecks. 

Nothing  of  this  type  appears  in  the  Tertiaries,  where  PanorpidaB  are 
very  rare.  Three  species  of  Bittacus  are  described  from  amber  and 
Radoboj  and  two  species  of  Panorpa  from  amber  and  Colorado.  The 
amber  species  of  the  latter  genus  is  of  a  uniform  ash-gray,  but  the  spe-. 
cies  from  Florissant  is  heavily  banded,  more  so,  indeed?  than  in  modern 
types.  Besides  this,  Florissant  furnishes  an  extinct  genus  Holcorpa, 
with  one  species,  remarkable  for  the  complete  absence  of  any  cross- 
nervules,  in  which  it  reminds  us  of  the  Mesozoic  forms ;  but,  unlike 
them,  it  is  conspicuously  marked  with  large  pale  spots  on  a  dark  ground. 

4.  Family  Fhryganid®. 

The  name  of  Phryganidium  was  given  to  a  wing  from  the  Lower  Pur- 
becks of  England  by  Westwood,  and,  following  him,  E.  Geinitz  has  de- 
scribed a  number  of  species  from  the  Lias,  where  this  type  of  wing 
seems  to  be  abundant  and  rather  easily  confounded  with  the  species  of 
Orthophlebia.  These  seem  to  be  the  sole  representatives  of  the  Phry- 
ganidse  in  the  Mesozoic  rocks,  excepting  a  tube-like  larval  case  de- 
scribed by  Fritsch  from  the  Cretaceous  of  Bohemia. 

Similar  larval  cases,  made  of  minute  particles  of  stone  or  of  shells 
cemented  together,  have  been  found  in  various  Tertiary  deposits,  at 
Oeningen,  at  Leistadt  near  Dtirckheim,  at  Lewes  in  England,  in  Wyom- 
ing, even  in  amber,  but  particularly  in  Auvergne,  where  the  so-called 
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indusial  limestone,  often  2  to  3  meters  thick  and  ot  wide  extent^  is 
formed  of  their  relies.  These  were  described  by  Bosc  eighty  years  ago. 
Excepting  in  America,  however,  remains  of  the  imago  have  rarely  been 
found  in  the  rocks  themselves,  single  examples  being  known  at  Aix, 
Parschlag,  and  Manebach,  in  the  Isle  of  Wight,  and  in  Greenland ;  and 
t  heir  absence  is  the  more  unaccoantable  since  they  are  more  numerous  in 
amber  than  any  other  group  of  insects  excepting  Diptera  and  comprise 
more  than  half  the  specimens  of  Neuroptera  and  Pseudoneuroptera  com- 
bined. Twenty-five  species  have  been  described  by  Hagen  and  Pictet, 
and  several  others  mentioned,  while  nearly  as  many  are  known  from 
Florissant.  They  belong  largely  in  both  cases  to  Hydropsychidce,  Poly- 
centropus  being  the  prevailing  type  in  amber  and  Derobrochus  in  Colo- 
rado. This  last  is  an  extinct  genus  allied  to  Polycentropus,  but  dis- 
tinguished by  the  length  of  its  cells  and  the  apparent  want  of  any  fifth 
apical  cell.  The  other  groups,  represented  both  in  amber  and  at  Floris- 
sant, are  the  Phryganidce  proper,  to  which  the  remains  in  the  rock  de- 
posits of  Europe  also  belong;  the  IdmnophilidcBy  to  which  group  most  of 
the  larval  cases  probably  appertain ;  and  the  Leptoceridce ;  while  the 
Hydroptilidm  and  RhydcophilidcB  are  only  known,  and  sparingly,  from 
amber. 

8.  Order  HEMIPTEBA  Linn^. 
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Body  usually  ovate  and  flattenrd,  especially  above;  the  integument 
coriaceous.  Bead  more  or  less  imbedded  in  the  prothorax.  Eyes  small, 
ocelli  generally  present.  Antennae  of  variable  length,  filiform,  most  of 
the  joints  long.  Mouth-parts  prolonged  into  a  beak  adapted  for  pierc 
ingand  sucking;  the  lancet-shaped  mandibles  and  maxillse,  the  latter 
without  palpi,  lying  in  a  partly  closed  tube  formed  by  the  labium.  Pro- 
notum  large  and  distinctly  marked,  though  soldered  broadly  to  the  rest 
of  the  thorax.  Mesothoracic  scutellum  large  and  distinctly  marked. 
Front  wings  larger  than  the  hind  pair,  either  coriaceous  at  base  and 
more  or  less  membranous  at  tip  or  wholly  membranous,  but  then  of 
firmer  texture  and  with  stouter  veins  than  the  hind  wings,  and  often 
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coriaceons  at  extreme  base ;  veins  of  both  wings  generally  few  and  dis- 
tant, excepting  next  the  front  edge ;  when  reticulate,  the  cells  quadran- 
gular ;  wings  never  folded.  Legs  slender,  occasionally  expanded,  with 
never  more  than  three  tarsal  joints.  Metamorphosis  (excepting  in  the 
male  Goccidse)  incomplete.  The  terrestrial  or  aquatic  habits  (as  the 
case  may  be)  persistent  throughout  life. 

1.  Suborder  Homopteba  Latreille. 

1.  Family  Aphide. 

A  few  unquestionable  remains  of  this  family  are  found  in  the  English 
Wealden,  one  species,  Aphis  naldensis  Brodie,  having  the  characteris- 
tic neuration  of  the  wing  preserved,  showing  that  it  belonged  to  the 
SchiziyneurincB. 

In  Tertiary  rocks,  notwithstanding  their  delicacy  and  small  size,  tliey 
are  not  infrequent.  About  one  hundred  specimens,  for  instance,  have 
been  found  at  Florissant,  including  about  eight  species,  most  of  which 
are  referred  by  Buckton  to  extinct  genera ;  and  Menge's  collection  of 
amber  insects  in  1856  included  fifty-six  specimens  of  plant-lice.  Besides 
this  they  have  been  found  at  Oeningen,  Badoboj,  Aix,  Ain,  and  in  British 
Columbia.  Most  of  the  species  have  been  referred  to  Aphis  (12),  and 
Lachnus  (8),  and  so  belong,  like  the  bulk  of  living  species,  to  Aphi- 
dinw  proper,  but  Heer  describes  from  Oeningen  a  Pemphigus,  one  of  the 
PemphigvMBj  Berendt  mentions  a  Schizoneura  from  amber,  and  one  of 
the  Florissant  species  also  belongs  to  the  Schizoneurimie, 

2.  Family  CocoidsB. 

The  only  known  fossils  of  this  group  are  some  that  occur  in  amber. 
Three  species  referred  to  Monophlebus  were  described  and  figured  by 
Germar,  and  Menge  has  since  added  short  descriptions  of  half  a  dozen 
81>ecie8  referred  to  Aleurodes,  Coccus  (2),  Dorthesia,  and  the  extinct 
genera  Ochyrocoris  and  Polyclona.  The  female  of  one  of  the  species 
of  Monophlebus  was  taken  for  one  of  the  Poduridse  by  Koch  and  con- 
sidered the  type  of  a  new  genus,  Acreagris. 

3.  Family  Fulgoridse. 

The  oldest  known  member  of  this  group  is  a  very  obscure  fossil  from 
the  middle  051ite  of  Solenhofen,  which  Weyenbergh  considers  a  Lystra; 
but  the  middle  Oolite  of  England  has  furnished  a  few  species  referred 
doubtfully  by  Brodie  to  the  genera  Ricania,  Cixius,  Asiraca,  and  Del- 
phax,  the  true  relationship  of  which  is  still  obscure;  other  Solenhofen 
species  have  been  referred  to  Bicania,  but  are  found  to  belong  to  the 
cockroaches  (Pterinoblattina). 
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The  family  is  fairly  well  represented  in  Tertiary  rocks,  some  tbirty  si)e- 
cies  being  known,  distributed  amouf^  half  as  many  genera.  The  amber 
species  comprise  more  than  half  the  whole  number,  and  are  mostly  re- 
ferred to  Cixius,  but  also  to  Poeocera,  Pseudophana,  Flata,  and  Ricania. 
The  European  rocks  have  furnished  single  species  of  Asiraca  (Aix), 
Pseudophana  (Oeuiugen),  and  Tettigometra  (Radoboj),  while  from 
America  we  have  single  species  of  Planophlebia  (an  extinct  genus), 
from  British  Columbia;  of  Aphana  and  Delphax,  from  Utah;  and  of 
Mnemosyne,  Lystra,  Fulgora,  Cixius,  Aphana,  and  the  extinct  genus 
Lithopsis,  from  Wyoming,  besides  some  large  undescribed  forms  from 
Florissant. 

4.  Family  MembraoideB. 

A  single  species  found  in  the  Oolite  of  Belgium  and  mentioned  by  de 
Borre  as  probably  belonging  near  ^Tettigouia  is  the  only  Mesozoic  form 
referable  here. 

Tertiary  species  are  tolerably  abundant  and  have  been  mostly  re- 
ferred to  existing  genera:  Acocephalus,  3,  sp. ;  Jassu8,2;  Tettigonia-,(5; 
Bythoscopus,  4 ;  Typhlocyba,  5 ;  and  Coelidia,  1;  though  Heer  refers 
one  Radoboj  species  to  an  extinct  genus,  Dictyophorites;  five  species, 
from  Oeningen,  Radoboj,  and  Aix,  to  Cicadellite«;  and  one  Oeningen 
species  each  to  Membracites  and  Ledophora.  More  than  half  the 
known  species  come  from  Radoboj  or  amber,  but  four  species  are  known 
from  Oeningen,  three  from  Aix,  two  from  Utah,  and  one  each  from 
Wyoming,  British  Columbia,  Florissant,  and  Stosschen. 

5.  Family  Gicadellina. 

Nearly  a  dozen  species,  referred  loosely  to  Cercopis,Gercopidinm,  Cic- 
adellinm,  and  some  to  ^'  Cicada,"  have  been  described  from  the  Lias  of 
Dobbertin  and  Schambelen  and  the  upper  Oolite  of  England,  but  they 
have  not  yet  been  carefully  studied. 

In  Tertiary  deposits  they  are  the  most  abundant  of  Homoptera.  Ifo 
less  than  sixteen  species  of  Cercopis  are  described,  more  than  half  of 
them  from  Radoboj,  the  others  from  Oeningen,  amber,  and  British  Co- 
lumbia. A  genus  allied  to  Ptyelus  is  represented  at  Florissant  by  a 
dozen  or  more  species,  very  abundant  in  individuals,  and  seven  species 
of  Aphrophora  are  known  from  amber,  Aix,  Oeningen,  Radoboj,  and 
Greith,  on  the  Upper  Rhone.  Besides  these,  an  interesting  extinct  gi- 
gantic genus,  Petrolystra,  with  two  species,  remarkable  for  the  colora- 
tion of  the  wings,  has  been  found  at  Florissant.  Heer  describes  a 
Oercopidium  from  the  Miocene  of  Greenland  and  Woodward  refers  a 
species  found  in  the  Eoceneof  the  Isle  of  Wightto  theexisting  Triecphora 
sanguinolenta. 

0.  Family  Stridulantia. 

The  presence  of  this  group  in  ^lesozoic  rocks,  so  far  as  published  data 
are  concerned,  rests  mainly  on  disputed  or  disputable  data.     Two  species 

(00) 


Digitized  by 


Google 


PcrDDEB.)  INSECTA:    HEMIPTEEA.  61 

coming  from  Soleuhofen,  referred  by  Weyenbergh  to  Cicada,  are  very 
obscure  objects.  Several  other  species  from  England  which  belong  to 
the  preceding  family  have  been  refen-ed  to  Cicada.  But  Brodie  pos- 
sesses what  appears  to  be  the  pupa  of  a  Cicada  from  the  Lias  of  England 
and  the  Stonesfield  slate  has  furnished  a  wing  of  large  size,  named 
Faleontina  oolitica  by  Butler  and  by  him  considered  a  butterfly,  which  is 
looked  upon  by  Scudder  as  belonging  to  this  family..4)f  Homoptera. 

In  the  Tertiaries  three  species  found  at  Badoboj  and  one  at  Oeningen 
have  been  referred  by  Heer  to  the  genus  Cicada  and  are  species  of  me- 
dium size ;  but  besides  these  Serres  refers  to  a  species  of  the  same  genus 
at  Aix  and  Berendt  and  Burmeister  state  that  it  occurs  in  amber,  while 
Bleicher  mentions  a  specimen  of  this  family  from  the  Tongrian  of  Bonff- 
ach  in  Alsace.  !N^one  have  been  discovered  in  America  and  none  in 
amber. 

2.  Suborder  Heteroptera  Latreille. 

1.  Family  NotonectidsB. 

This  family  of  water  bugs  makes  its  flrst  appearance  in  the  Tertiaries, 
and  then  in  very  scanty  numbers.  Two  species  of  Corixa  are  known,  one 
each  from  Oeningen  and  Stosschen,  and  one  has  been  mentioned  from 
Florissant.  One  species  of  Notonecta  also  is  known  from  Kutschlin, 
another  from  Bott,  a  third  is  mentioned  from  Aix,  and  a  fourth  occurs 
at  Florissant. 

2.  Family  Nepid®.  . 

Species  referred  to  i^aucoris  and  Nepa,  occurring  in  the  Oolite  of  So- 
lenhofen,  are  the  only  known  representatives  of  this  family  in  Mesozoic 
times. 

To  the  same  genera  are  referred  two  species  occurring  in  the  Tertiary 
deposits  of  Oeningen,  where,  also,  a  species  of  Diplonychus  is  found. 
Berendt  states  that  a  species  of  !N'epa  occurs  in  amber  and  Serres  refers 
to  one  found  at  Aix,  where,  according  to  Hope,  a  species  of  Banatra 
also  occurs. 

3.  Family  Belostomids. 

To  the  genus  Belostomuui  have  been  referred  three  species  from  the 
Oolite  of  Soleuhofen.  One  of  these  was  originally  described  by  Germar 
ander  the  name  of  Scarabaides  deperditus,  under  the  supposition  that  it 
was  a  beetle.  Dr.  Zittel  informs  me  that  some  specimens  in  the  Munich 
maseum  preserve  the  stout  legs  and  ])rincipal  wing  nervures,  showing 
a  complete  general  agreement  with  Belostoimum.  Another  species  re- 
ferred here  by  Germar  under  the  name  of  Belo8tomum  elongatnm  is  con- 
sidered by  Assmann  to  be  rather  a  Hymenopteron,  allied  to  Sirex. 
(See  p.  96,  note.) 

In  the  Tertiaries,  two  species  of  Belostomum  have  been  figured,  one 
from  (.'eningeu,  the  other  from  the  Bheuish  brown  coal. 
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4.  Family  Hydrometrid». 

Obscure  species  referred  to  the  genera  Yelia  and  Hydrometra  have 
been  found  in  the  Oolite  of  Soleohofen  and  of  England  and  a  few 
genera  are  represented  in  Tertiary  deposits.  Species  of  Limnobates 
and  Hygrotrechns  have  been  described  from  Oeningen  and  British 
Colombia  and  of  Lf^nacis,  Halobatesand  Hydrometra  from  amber,  and 
mention  has  been  made  of  the  occurrence  of  the  latter  genus  and  of 
Oerns  at  Aix.    Halobates  also  occurs  at  Florissant. 

5.  Family  Saldida. 

Gtarmar  describes  a  single  species  of  Salda  from  amber. 

6.  Family  Reduviida. 

Two  gigantic  species  in  the  Solenhofen  shales  represent  this  &mily 
in  the  Mesozoic ;  they  have  been  referred  to  the  genus  Pygolampis  and 
an  extinct  type  allied  to  it,  called  Propygolampis. 

In  the  Tertiaries  the  true  Reduviina  are  the  most  abundant,  six  species 
of  Harpactor  being  found  at  Oeningen  or  Badoboj,  with  a  species  of 
Evagoras  at  Oeningen'  and  one  of  Reduvius  in  Wyoming.  Eeduvius 
occurs  also  at  Aix  and  in  amber,  according  to  Serres  and  Germar.  Of 
the  other  tribes,  as  in  the  Reduviina,  all  the  genera  are  of  existing  tyi)e« ; 
a  single  species  of  Pirates  is  found  at  Radoboj,  one  of  Platymeris  in 
amber,  two  of  Stenopoda  at  Oeningen,  and  Serres  reports  a  Ploiaria  at 
Aix.   A  number  of  species  of  undetermined  genera  occur  at  Florissant. 

7.  Family  VabidsD. 

Nabid8D  of  the  modem  genera  Kabis  and  Prostemma  are  found  at 
Oeningen,  and  several  species  of  the  former  occur  also  at  Radoboj  and 
in  amber. 

8.  Family  Aradidaa. 

The  fossil  species  of  this  group  are  all  from  Tertiary  deposits  and 
have  been  referred  to  Aradus ;  three  species  have  been  described  firom 
amber  and  one  from  Radoboj,  besides  which  Hox>e  and  Serres  refer  to 
a  species  at  Aix  and  Scudder  to  two  species  at  Florissant. 

9.  Family  Tingids. 

Half  a  dozen  Tertiary  localities  have  already  furnished  specimens  of 
these  delicate  insects.  Species  of  Monanthia  are  described  from  Oen- 
ingen and  Krottensee  and  of  Tingis  from  Radoboj  and  Prussian  am- 
ber. Besides  this,  specimens  of  Tingis  have  been  found  at  Aix  and  at 
Florissant. 

(62) 


Digitized  by 


Google 


ficuDDiR.]  IN8ECTA:    HEMIPTERA.  63 

10.  Family  Capridae. 

Amber  has  famished  a  large  number  of  species  of  this  family,  all  re- 
ferred to  living  genera.  Germar  describes  thirteen  species  of  Phyto- 
eoris  and  Gravenhorst  specifies  without  describing  five  species  of  Miris. 
Both  Berendt  and  Gravenhorst  mention  also  a  Gapsus  from  the  same 
deposits  and  Curtis  speaks  of  a  Miris  from  Aix. 

11.  Family  Physapodes. 

One  would  scarcely  look  for  remains  of  these  minute  insects  in  the 
rocks,  and  yet  they  are  not  extremely  rare,  eight  species  of  the  genus 
Thrips  having  been  described,  three  each  from  Aix  and  from  amber 
and  two  from  Oeningen.  Another  species  found  at  Aix  is  made  the 
type  of  a  new  genus,  Calothrips,  and  the  rocks  of  Utah  have  furnished 
one  species  each  of  three  genera,  Melanothrips,  Lithadothrips,  and  Pa- 
IsBothrips,  the  last  two  extinct  and  the  last  remarkably  preserved,  the 
microscopic  hairs  of  the  fringe  of  the  wing  being  distinct  enough  to  be 
counted. 

12.  Family  LygsaidsD. 

The  two  oldest  insects  which  have  been  referred  to  this  group  are  a 
Pacbymems  from  Strensham  and  a  Pachymeridium  from  Dobbertin, 
both  from  Liassic  deposits;  they  are  both  rather  obscure,  and  almost 
more  so  are  the  three  wings  figured  by  Westwood  from  the  English 
Parbecks,  which  Giebel  refers  to  Lygaeites. 

In  Tertiary  deposits  the  family  is  comparatively  abundant  and  wide- 
spread. No  less  than  seventeen  described  species  are  referred  to  Pachy- 
merus :  From  Aix,  6 ;  Oeningen,  4 ;  amber,  3 ;  Radoboj,  2 ;  Sieblos ; 
and  Utah;  nine  to  Lygaeus:  from  Eadoboj,  3;  Oeningen,  2;  Sieblos, 
2 ;  Aix ;  and  Krottensee ;  while  Serres  alludes  to  four  species  of  the 
same  genus  at  Aix  and  Heer  describes  five  species  of  the  extinct  Ly- 
gjeites  from  Oeningen  and  Eadoboj.  Besides  this,  Heer  describes  six 
species  of  Heterogaster  from  Eadoboj,  Aix,  and  Oeningen,  and  one  ex- 
tinct genus,  Cephalocoris,  from  Oeningen,  Heyden  refers  to  a  species 
of  Micropus  found  at  Stosschen,  and  Scudder  describes  a  Ehyparochro- 
mus  from  Wyoming.  The  numerous  species  from  Florissant  are  not 
yet  worked  up. 

13.  Family  CoreidsD. 

Our  knowledge  of  this  family  in  Mesozoic  times  is  limited  to  the  brief 
account  and  figures  of  Liassic  species  given  by  Heer  in  his  XJrwelt  der 
Sehweiz,  who  figures  two  and  names  one  additional  species  referred  to 
I'xtinct  genera,  Protocoris  and  Cyclocoris.  Eight  species  in  all  were 
known  to  Heer,  and  they  are  very  perfectly  preserved. 

A  considerable  variety  occurs  also  in  the  Tertiaries,  including,  accord- 
ing lu  Heer,  three  genera  which  are  extinct,  Berytopsis,  Hermostites, 
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and  Pal^eocoris,  each  with  a  single  species,  the  first  two  fromOeningen, 
the  last  from  Radoboj ;  also,  Coreites,  which  includes  three  more  obscure 
forms  from  Eadoboj  and  Oeningen,  whose  generic  relation  is  uncertain. 
The  same  author  also  describes  four  species  of  Syromastes  from  Oenin- 
gen and  two  of  Spartocerus  from  Eadoboj.  Oeningen  has  also  fur- 
nished single  species  of  Hypselonotus  and  Alydus;  a  species  of  the  latter 
genus  occurs  in  the  Ebenish  coal,  of  Leptoscelis,  at  Sieblos;  Serres  men- 
tions a  species  of  Ooreus  at  Aix  and  Menge  a  species  of  Berytus  in  am- 
ber. The  family  is  abundantly  represented  in  the  §till  unworked  field 
of  Florissant,  where  especially  one  or  two  species  of  Alydina  are  exceed- 
ingly abundant  in  individuals. 

14.  Family  CimicidaB. 

A  number  of  species  from  the  English  Purbecks,  and  even  from  the 
Lias,  have  been  referred  to  this  family,  but  all  these  remains  are  exceed- 
ingly obscure  and  have  in  no  case  been  referred  to  special  genera. 

In  the  Tertiary  deposits,  however,  this  family  ,is  the  most  numerous 
and  abundant  of  all  Heteroptera,  but  no  one  of  its  members  has  been 
referred  to  extinct  genera.  Species  of  Cimex,  using  the  term  doubtless 
in  a  general  way,  have  been  mentioned  by  Eser  as  occurring  in  the  Mi- 
ocene of  Unterkirch  b  erg,  by  Serres,  Berendt,  and  Schlotheim  as  found 
in  amber,  and  by  Stainton  as  occurring  in  the  Pleistocene  marls  of  Ul- 
veston.  Three  species  of  Acantbosoma  are  described  by  Heer  from 
Eadoboj,  as  well  as  one  of  Phloeoeoris  from  the  same  place;  and,  among 
the  series  of  the  Pentatomids,  one  species  of  ^lia,  four  of  Eurytsena, 
two  of  Eusarcus,  two  of  Halys,  and  eight  of  Pentatoma,  all  from  Oe- 
ningen, besides  two  of  the  latter  genus  from  Eadoboj  and  one  each  from 
amber,  Salzhausen,  and  Atanekerdluk  in  North  Greenland.  Serres  also 
referred  to  three  species  as  found  at  Aix,  a  species  of  Euschistus  is  de- 
scribed  from  British  Columbia,  and  a  considerable  number  of  the  Pen- 
tat  omid  series  occur  at  Florissant.  Finally,  four  species  of  Pachycoris 
and  a  species  of  Tetyra  are  found  at  Oeningen. 

16.  Family  Cydnida. 

This  restricted  group  was  tolerably  abundant,  varied,  and  widespread 
in  Tertiary  times.  An  extinct  genus,  Oydnopsis  Heer,  is  represented 
by  eleven  species  in  Oeningen,  Eadoboj,  and  Aix,  and  the  recent  genus 
Cydnus,  by  four  at  Aix,  Oeningen,  and  Wyoming,  besides  a  species  near 
Cydnusfoundin  the  Australian  Tertiaries.  Another  extinct  genus,  Neu- 
rocoris  Heer,  has  two  species  at  Oeningen ;  (Jyrtomenus  and  -^thus, 
one  each  in  Wyoming;  and  Brachypeltus,  one  at  Krottensee.  Several 
species  of  Oorimalaeua  and  its  allies  are  found  at  Florissant. 
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4.  Order  COLEOPTEBA  Linn^. 
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Body  compact,  generally  subelliptical;  the  integument  usnally  corne- 
ous. Head  usually  inserted  more  or  less  deeply  into  the  prothorax. 
Anteunse  exceedingly  variable  in  length  and  in  the  form  of  the  joints; 
ocelli  generally  absent.  Mouth-parts  adapted  for  biting;  the  mandibles 
stout,  labium  entire.  Pronotum  large,  distiifct,  free.  Mesothoracic 
scutellum  small,  but  distinctly  marked.  Front  wings  corneous,  nearly 
all  traces  of  the  veins  lost,  adapted  to  the  shax)e  of  the  body,  sep- 
arated from  each  other  by  a  straight  suture  down  the  middle  of  the 
back,  useless  in  flight.  Hind  wings  membranous,  folded  transversely 
and  longitudinally  in  repose;  the  veins  few,  distant,  incomplete,  a  joint 
being  formed  near  the  extremity  by  their  erasure;  cross- veins  very 
Bull.  31 5  (65) 
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rare;  reticulation  absent,  Mettiinorpbosis  complete,  the  api>eDdages  of 
the  pupa  free.  Larva  of  three  principal  types  (thysanuriform,  eruci- 
form,  and  vermiform  or  apodal),  not  corresponding  to  the  divisions 
based  on  the  main  structural  distinctions  of  the  adult.  Habits  vari- 
able, but  the  aquatic  forms  aquatic  throughout  life. 

1.  Series  Rhynchophora  Latreille. 

1.  Family  Anthribidce. 

This  family  made  its  first  appearance  in  the  Tertiaries.  Oeningen, 
Bott,  and  Green  River  (Wyoming)  have  each  furnished  a  pair  of  species, 
the  species  from  Oeningen  being  referred  to  Anthribites,  those  from 
Rott  to  Choragus  and  Tophoderes,  and  those  from  Wyoming  to  Braohy- 
tarsns  and  Gratoparis.  In  addition,  Berendt  mentions  a  species  of 
Anthribus  from  amber. 

2.  Family  ScolytidsB. 

Kot  altogether  rare  in  the  Tertiaries,  being  found  in  the  earliest  de- 
posits that  have  yielded  insects:  amber,  Aix,  and  the  Green  River 
shales.  A  species  of  Platypus  is  described  from  Prussian  and  another 
from  Sicilian  amber;  one  species  each  of  Trypodendron  and  Dryocoe- 
tes,  from  Wyoming.  Serres  mentions  species  of  Scolytus  and  Hylurgus 
from  Aix.  Heer  describes  a  Hylesinus  from  the  same  place  and  Menge 
speaks  of  three  species  of  this  geuus  in  his  amber  collection,  besides 
larvsB  of  the  same.  Berendt  and  Serres  also  mention  its  occurrence  in 
amber  and  Germar  describes  a  species  from  the  same  deposit  under  the 
generic  name  Hylesinites. 

3.  Family  Galandridfle. 

A  few  si)ecie8  of  this  family  have  been  recovered  from  the  Tertiarie-s. 
Heer  describes  two  species  of  Oossonus  and  one  of  Sphenophorus  from 
Oeningen.  Oustalet  describes  one  of  the  former  from  Aix  and  Heyden 
one  of  the  latter  from  Rott.  Besides  this,  the  only  reference  is  to  a 
species  in  amber,  referred  by  Pictet  to  Calandra. 

4.  Family  GarculionidsB. 

In  attempting  to  bring  together  the  scattered  references  to  this  and 
allied  families  of  Rhynchophora  it  has  often  been  impossible,  from  the 
nature  of  the  reference  or  tlie  obscurity  of  the  fossil  remains,  to  deter- 
mine to  which  family  it  belonged;  so  far  as  possible  they  have  been 
separated,  but  where  no  clew  could  be  obtaiued  they  have  been  brought 
under  the  head  of  the  present  family. 

We  have  in  this  group  some  of  the  oldest  Coleoptera  known.  One 
species  (Curculinnites  prodromns  Heer)  comes  from  the  Trias  and  bears 
the  unmistakable  stamp  of  this  group.    Two  others  described  by  Heer 
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occur  in  the  Ehaetic  of  Sweden,  bat  are  represented  only  by  elytra.  The 
Lias  of  Switzerland  has  furnished  the  same  author  seven  species,  of 
which  he  has  figured  a  couple  under  the  generic  name  of  Curculionites 
and  Sitonites.  They  occur  also  in  different  parts  of  the  oolitic  series,  a 
species  of  Gurculionidium  being  figured  from  the  Stonesfield  slate  of 
England,  and  several  species  of  Curculionites  and  one  of  Hypera  from  the 
Parbecks  of  England.  Finally  Heer  figures  two  species  from  the  Green- 
land GietAceous  under  the  genera  Curculionites  and  Archiorhynchus. 
Corresponding  to  this  we  find  the  family  one  of  the  very  richest  in 
species  in  the  Tertiary  rocks.  About  one  hundred  species  have  already 
been  indicated,  referred  almost  exclusively  to  existing  genera;  probably 
a  nearly  equal  number  have  been  found  at  Florissant  alone,  and  of  the 
amber  species  little  is  known.  Menge  mentions  sixty-three  specimens  in 
Ms  amber  collection ;  Oustalet  describes  a  species  of  Balaninus  from  Aix, 
and  Deichmilller  one  from  Kutschlin ;  Pictet  mentions  a  Baris  from  Aix, 
and  Scodder  describes  a  Eurhinus  from  Florissant.  Fliche  found  the  re- 
cent Mononychtis  punctum-album  in  peat  at  Jarville.  Oustalet  describes 
a  Coeliodes  from  Aix  and  Heyden  a  Ceutorhynchus  from  Bott.  Distinct 
species  of  Cryptorhynchus  have  beep  found  in  Wyoming,  at  Aix,  and  at 
Rott.  Heyden  describes  an  Acalles  from  Eott,  and  Deichmilller  a  Chal- 
codermus  from  Kutschlin,  while  Hope  and  Serres  indicate  a  Bhinobates 
as  occurring  at  Aix.  A  single  species  of  Kanophyes  has  been  described 
from  Bott,  one  of  Gymnetron  from  Green  Biver,  and  Serres  indicates 
a  Cionus  from  Aix.  The  Tychiini  are  represented  by  a  Sibynes  at  Aix 
and  a  Tychius  at  Bott;  the  Arithonoynini  by  a  BhynchaBUUs  at  Aix  and 
anAntbonomus  at  Florissant;  two  species  of  Magdalis  are  described 
by  Heyden  from  Bott;  Oustalet  describes  a  Bagous  from  Corent,  and 
from  Aix  one  species  each  of  the  genera  Hydronomus,  Tanysphyrus, 
and  Erirhinus.  Notaris  and  Dorytomus  have  also  been  mentioned  from 
Aix,  and  the  latter  as  well  as  Erirhinoides  from  amber.  Heer  describes 
two  species  of  Lixus  from  Oeningen,  a  genus  also  occurring  at  A  ix.  Hey- 
den describes  a  Bhinocyllus  from  Bott.  No  less  than  thirteen  species  of 
Cleonus  are  described  from  Aix,  Oeningen,  and  Corent.  Besides  an 
extinct  genus,  Cleonolithus,  described  by  Bassi  from  Sinigaglia,  a  new 
genus  Meristos  is  described  by  Murray  from  Ndgpur  in  India.  Species  of 
Laiinus  are  mentioned  by  Heer  and  Heyden  from  the  Miocene  deposits  of 
Oeningen  and  Bott  and  the  same  genus  was  recognized  by  Burmeister 
among  the  insects  of  Aix.  Eight  species  again  of  Hylobius  have  been 
obtained  from  various  localities  in  Germany,  Switzerland,  Prance,  Italy, 
and  Wyoming,  as  well  as  indicated  from  amber;  a  species  of  Plinthus  is 
found  at  Aix,  another  at  Corent,  and  one  of  Pissodes  at  Sieblos,  besides  an 
indication  of  the  latter  in  amber ;  two  species  of  Phytonomus  are  found 
at  Aix,  another  in  amber,  four  of  Hipporhinus,  and  one  of  Hypera,  also 
from  Aix.  Two  species  of  Apion  have  been  described  by  Heer  and  by 
Heyden,  from  Oeningen  and  Bott,  respectively,  and  other  species  are 
mentioned  by  Berendt  as  occurring  in  amber,  and  by  Serres  at  Aix, 
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Oustalet  also  describes  a  Goniatus  from  Aix;  Heyden,  a  Eurychiras 
Irom  Bott;  and  five  species  of  Sitones  are  described  from  Oeningen, 
Eott,  Aix,  and  Wyoming.  Besides  these  we  have  eleven  species  of 
"Curculionites"  of  uncertain  position,  mostly  described  by  Heer,  from 
Oeningen,  Radoboj,  Schossnitz,  Corent,  Aix,  Corfe,  and  Spitzbergen. 
Beferences  to  Bhyncbophora  are  also  made  from  the  foUowing  localities 
not  otherwise  mentioned:  Antrim,  Dorset,  Boarnemouth,  Lexden,  the 
Isle  of  Wight,  the  British  Isles,  and  N4gpar  (India),  where  they  form 
the  larger  proportion  of  those  found. 

'  f).  Family  OtiorhyncMds. 

The  only  references  to  the  occurrence  of  this  family  in  Mespzoic  de- 
posits are  an  Anisorhynchus  described  by  Weyenbergh  from  Solenhofen 
and  a  fragment  of  an  elytron  from  the  Cretaceous  of  Bohemia,  which 
Fritsch  figures  under  the  name  of  Otiorhynchites. 

In  Tertiary  deposits  they  are  numerous,  though  not  so  numerous  as 
the  preceding  family,  bearing  perhaps  the  same  relation  to  them,  iu 
point  of  numbers,  as  at  the  present  ei)och.  Phyllobius,  Polydrosus, 
and  Thylacites  are  all  said  by  Burmeister  to  occur  in  amber,  and  the 
last  genus  has  been  found  by  DeichmUller  at  Kutschlin.  Heer  de- 
scribes a  Naupactus  from  Oeningen  and  Serres  says  one  occurs  at  Aix. 
Heer  also  describes  a  diluvial  Laparocerus  from  Madeira,  Scudder  a 
Eudiagogus  from  Wyoming  and  an  Entimus  from  Utah,  while  Smith 
mentions  a  species  referred  doubtfully  to  Strophosomus  as  found  at 
Peckham,  England,  in  lower  Eocene  beds.  A  species  of  Ophryastes 
and  two  of  Otiorhynchus  are  described  from  Wyoming,  and  Heer  men- 
tions four  existing  species  of  the  latter  genus  as  found  in  the  glacial 
clays  of  Schwerzenba<3h,  Switzerland.  Heer  also  describes  an  extinct 
genus,  Pristorhynchus,  from  Oeningen.  Finally,  of  the  Brachydermi^ 
Heyden  describes  a  Liparus  from  Sieblos,  and  Curtis  mentions,  while 
Giebel  describes,  one  from  Aix.  Three  species  of  Epicserus  are  recog- 
nized from  Wyoming,  two  of  Anisorhynchus  from  Kutschlin  and  Co- 
rent,  and  two  of  Brachyderes  from  Aix.  No  extinct  genera  of  this 
tribe  are  yet  recognized.  Many  unpublished  forms  of  this  family  occur 
at  Florissant. 

6.  Family  ByrBopidse. 

Four  existing  genera  of  this  group  have  been  recognized  in  Tertiary 
rocks.  Of  Brachycerus  four  species  are  described,  from  Oeningen  two, 
from  Gergovie  and  Aix  one  each,  and  from  Aix  Serres  recognized  three 
species  as  of  this  family,  one  of  which  Oustalet  suggests  may  be  Hippo- 
rhintcs  Heeri  Germ.  Serres  also  refers  to  a  Meleus  at  Aix,  and  a  species 
of  Brachymycterus  has  been  described  from  Rott. 

7.  Family  AttelabidsB. 

Heer  describes  a  species  of  Attelabus  from  Oeningen. 
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8.  Family  Bhynchitidse. 

OeniDgen  and  Bott  have  each  furnished  two  species  of  Bhynchites, 
and  to  the  same  genns  have  been  referred  single  undescribed  species 
from  amber  and  Aix;  in  addition  to  these,  a  species  of  Antliarhinites 
has  been  described  from  Oeningen  and  one  of  Eugnamptus  from  Wyo- 
ming. 

2.  Series  Heteromeba  Dum^ril. 

1.  Family  Stylopida. 

One  of  the  most  cnrions  results  of  Menge's  studies  of  the  amber  fauna 
was  the  discovery  of  an  extinct  genuH  of  this  abnormal  type  of  beetles, 
which  in  its  earliest  stages  lives  parasitic  in  the  abdomen  of  winged 
bees  and  wasps.  A  single  male  specimen  was  found,  which,  on  account 
of  the  trifid  antennae,  he^named  Triaena. 

2.  Family  RhipiphoridsD. 

Heyden  describes  a  Myodites  from  Bott  and  Stein  a  Bhipidius  from 
amber.  Berendt  p.nd  Menge  also  mention  the  existence  of  Bhipiphorus 
io  amber. 

3.  Family  Meloida. 

The  occurrence  of  this  family  in  Mesozoic  rocks  is  exceedingly  doubt- 
My  the  only  claim  to  it  being  in  a  figure  published  by  Weyenbergh, 
without  comment,  of  a  very  obscure  object  from  Solenhofen,  which  he 
names  Meloe  ha/caticiLS, 

As  to  the  Tertiaries,  Heyden  describes  a  Mylabris  from  Bott ;  Heer,  a 
Lyttaand  a  Zonites  from  Oeningen  and  a  Meloe  from  Badoboj;  the 
last  genus  and  Cantharis  are  also  Inentioned  by  Goldfuss  as  occurring 
011  the  Bhine,  and  by  Menge,  Berendt,  and  Burmeister  as  found  in 
amber.  Hammerschmidt  exhibited  a  species  of  this  family  from  amber 
at  Vienna,  which  Bedtenbacher  looked  upon  as  the  type  of  an  extinct 
genus,  and  Menge  states  that  among  the  C<mtharidce  of  his  amber  col- 
lection are  found  beautiful  and  remarkable  objects.  He  also  states  that 
he  possesses  one  specimen  of  amber  "  with  seven  reddish -yellow  larvae 
resembling  Meloe  larvae  at  the  stage  when  they  live  on  flowers  and  then 
attach  themselves  to  bees }  but  they  possess  only  two  claws  at  the  tip 
of  the  two-jointed  tarsi."  A  good  many  specimens  of  this  family  have 
been  found  at  Florissant. 

4.  Family  PyroohroidflB. 

Berendt  includes  in  his  list  of  amber  insects  a  species  of  Pyrochroa. 

5.  Family  AnthicidsD. 

This  family  is  not  very  rare  in  amber,  Menge's  collection  contain- 
ing twenty-seven  specimens;  but  none  have  been  described,  Berendt 
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only  mentioning  an  Antliicus.    A  species  of  this  genus  has  also  been 
described  from  Aix  by  Oustalet. 

6.  Family  MordeUidsD. 

This  family  also  is  abundant  in  amber,  but  none  have  been  described 
excepting  MardeUina  inclusa  Germ.  Berendt  also  mentions  Mordella  as 
occurring  in  amber. 

7.  Family  (Edemerid». 
Berendt  mentions  (Edemera  in  amber. 

8.  Family  Pythid». 

Berendt  includes  Anaspis  among  the  amber  insects  of  Prussia  and 
Gu<3rin  mentions  a  species  in  Sicilian  amber.  Heer  also  describes  a  Py- 
thonidium  from  the  Miocene  of  Spitzbergen. 

9.  Family  Helandryidsd. 

Besides  a  species  of  Mycterus  described  by  Heer  from  Oeningen,  we 
have  a  Scraptia  figured  by  Gu^rin  from  Sicilian  amber,  and  a  Hallo- 
menus  or  Orchesia  mentioned  by  Berendt  from  Prussian  amber. 

10.  Family  Lagriidse. 

F.  Smith  refers  an  amber  insect  figured  by  him  to  a  genus  allied  to 
Statira. 

11.  Family  Ciatelidae. 

This  family  occurs  in  the  Mesozoic  rocks,  Heer  describing  a  species 
from  the  Lias  of  Schambelen  under  the  name  of  Cisteliiss  insignia. 

In  the  Tertiaries  little  is  known  of  them.  Berendt  mentions  Cistela 
as  found  in  amber  and  Heer  describes  a  species  of  this  genus  from 
Oeningen,  as  well  as  four  species,  which  he  refers  to  Cistelites,  from 
Greenland,  the  island  of  Sachelin,  and  Oeningen. 

12.  Family  TenebrionidsB. 

An  elytron  found  in  the  Low^er  Lias  or  Bhaetic  of  Hildesheim  is  fig- 
ured by  Eoemer  under  the  name  Helopides.  A  species  of  Tenebrio  is 
described  by  Weyenbergh  from  the  middle  Oolite  of  Solenhofen,  but  the 
upper  Oolite  of  England  has  furnished  a  considerable  number  of  species, 
nine  of  which  have  been  referred  by  Giebel  or  by  Westwood  to  Tentyriiim, 
Pimelia,  Blaps  and  Blapsium,  Tenebrio,  Grypticus,  Helopium,  Helo- 
pidium,  and  Diaperidium.  They  are  mostly  composed  of  fragments  of 
elytra.    (See,  also,  page  106,  note.) 

Considering  its  extent  at  the  present  day  and  the  tolerable  variety  in 
Mesozoic  times,  the  representation  of  this  family  in  the  Tertiaries  was 
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not  very  large.  The  Ehenish  brown  coal  has  furnished  species  of  Bole- 
tophagQs,  Tenebrio,  Uloma,  Gouocephalum,  and  Platydema;  Tenebrio 
is  also  recorded  from  British  Columbia,  and  Boletophagus^  as  well  as 
Hopatrum,  from  amber.  A  recent  species  of  the  last-named  genus,  J* 
Mbuloaumj  is  stated  by  Meyer  to  be  found  in  the  marls  of  Hochheim* 
Aix  has  also  been  credited  with  a  species  of  Hopatrum,  as  well  as  with 
Asida  and  Sepidium.  Species  of  Helops  have  been  found  at  Eisleben^ 
Lausanne,  and  Oeningen,  and  one,  Helap.s  wetteramcus,  first  described 
by  Heyden,  from  Salzhausen,  is  said  by  Heer  to  occur  also  in  Greenland* 
An  extinct  genus,  Tagenopsis,  is  described  by  Heer,  from  Oeningen,  and 
Helopini  are  said  by  Westwood  and  Brodie  to  occur  in  the  English'Ter- 
tiaries.  About  twenty  species  of  Tenebrionidae  have  been  found  at 
Florissant,  bnt  they  are  not  at  all  abundant  in  individuals. 

3.  Series  PHYTOPHAaA  Dum^ril. 

1.  Family  Brnchidse. 

All  the  fossil  (Tertiary)  species  of  this  family  have  been  referred  to 
existing  genera.  The  brown  coal  of  the  Bhine  has  furnished  the  great- 
est number,  viz,  two  species  of  Brnchus  and  one  ea<5h  of  Caryoborus  and 
Urodon.  Oeningen  has  also  its  species  of  Bruchus  and  Caryoborus,  and 
a  species  of  Bruchus  has  been  described  from  Utah^  and  another  in- 
dicated from  Aix.  A  dozen  or  more  species  of  this  family  have  been 
roand  at  Florissant,  only  one  of  which,  a  Spermophagus,  has  been  de- 
scribed. 

2.  Family  Chrysomelid®. 

Fairly  represented  in  Mesozoic  rocks,  beginning  with  the  Trias,  a 
siiecies  of  Chrysomelites  having  been  described  by  Heer  from  the  Let- 
tenkohle  of  Rlitihard,  in  Basel.  The  Lias  of  England  has  furnished 
several  figured  but  unnamed  species,  besides  two  referred  to  Ghrysomela, 
and  Heer  figures  from  Schambelen  a  couple  of  forms  under  the  name  of 
Eumolpites  and  Chrysomelites,  of  which  he  says  it  is  "difficult  to  say 
That  kind  of  leaves  they  might  have  fed  upon."  The  Oolite  of  Bavaria 
and  of  England  has  furnished  also  some  six  species  referred  to  Ghry- 
somela, besides  species  of  Cryptocephalus  and  Cassida  in  the  former. 

In  the  Tertiaries  species  of  this  family  are  very  abundant  and  are  almost 
exclusively  referred  to  existing  getiera.  Of  the  Cassidini  we  have  four 
species  of  Cassida  figured  from  Oeningen,  Aix,  and  Rott,  besides  many 
references  to  the  genus  at  Aix,  in  amber,  and  in  the  Lexden  peat.  Of  the 
Higpini,  Meuge  says  that  Odontota  occurs  in  amber  and  Heer  describes  an 
Anoplitis  from  Oeningen.  Of  the  Oalerucini  we  have  an  extinct  genus, 
Oryctoscirtetes,  in  the  Florissant  beds,  besides  three  species  of  Galeruca 
described  from  Badoboj  and  Oeningen,  and  numerous  references  are  at 
hand  to  the  occurrence  of  the  latt^er  genus  and  of  Haltica  in  amber. 
Adimonia  was  also  found  by  Fliche  in  peat  at  Jarville  and  a  Galerucella 

(71) 


Digitized  by 


Google 


72  REVIEW   OF   FOSSIL   INSECTS.  •      [bull-SL 

by  Scudder  in  Britisli  Columbia.  The  Chrysomelini  proper  were  even 
morenamerous:  eight  species  of  Chrysomela  have  been  described  from 
Oeningen,  Aix,  and  amber,  besides  four  species  of  Chrysomelites  from 
Alaska,  Greenland,  and  Spitzbergen.  Numerous  references  to  the  occiir- 
renceof  Chrysomela  in  amber  occur — a  genus  which,  according  to  Menge 
is  the  richest  in  numbers  of  all  Chrysomelid® ;  he  even  records  three 
larvae  of  this  genus  similarly  entombed,  and  its  occurrence  at  Aix  and  in 
Lexden  peat  is  also  on  record;  Wollaston  also  found  in  the  Lexden  peat 
a  species  of  Oreina  and  three  species  of  the  same  genus  are  described 
by  Heer  from  Oeningen ;  three  species  of  Lina  are  figured  from  Oeningen, 
BoM,  and  Salzhausen,  a  species  of  Plagiodera  from  Bott,  and  four  species 
of  Gonioctena  from  Oeningen,  Aix,  and  Schossnitz.  Colasposoma,  one 
of  the  Eumolpini,  is  credited  to  amber  by  F.  Smith.  Cryptocephalus  is  de- 
scribed from  Wyoming  and  is  said  by  Menge  to  occur  in  amber.  Of  the 
Olythrinij  Heyden  describes  a  Labiostomis  from  Rott  and  a  Clythra  from 
Salzhausen,  while  Heer  describes  a  second  Clythra  from  Oeningen.  Of 
the  Criocerinij  two  species  of  Lema  are  figured  from  Salzhausen  and 
Oeningen  and  two  of  Crioceris  from  Aix  and  amber.  Of  the  Donaciini^ 
Berendt  says  that  Haemonia  occurs  in  amber  and  six  extinct  species  of 
Donacia  are  described  from  the  Quaternary  at  Sonnaz  and  Lefife,  and 
from  the  older  formation  of  Schossnitz,  Oeningen,  and  Spitzbergen.  As 
many  existing  species  are  recorded  from  the  Quaternary  deposits  or  in- 
terglacial  clays  of  Leffe  in  the  Val  Gandino ;  at  Chamb^ry,  La  Boise,  and 
Ardres, in  France;  at  Laulanne,  ITtznach,  Diimten,  and  Schwerzenbach, 
in  Switzerland;  atHdsbach,in  Franconia;  and  at  Durchheim,  in  Pfalz; 
besides  which,  undetermined  species  are  mentioned  from  similar  deposits 
in  Flanders;  at  Yillech^tif  and  Yannes,  in  France;  and  at  Mundesley, 
in  England.  Chrysomelidae  of  undetermined  genera  are  recorded  from 
Creech,  Schossnitz,  H6rault,  and  Florissant,  the  last  place  furnishing 
over  twenty  species. 

3.  Family  CerambyoidflD. 

The  lower,  middle,  and  upper  Oolites  are  all  credited  with  some 
species  of  this  family.  Two  species  of  Prionus  are  found  in  the  lower 
members  in  England,  and  one  of  these  also  in  the  Dobbertin  Lias; 
Leptura,  Mesosa,  and  Saperdites  all  occur  at.  Solenhofen,  and  Prion  as 
and  Lamia,  in  the  English  Purbecks.  These  are  nearly  all  recognized 
by  the  elytra  alone.  Besides  these  Geinitz  has  described  and  figured 
in  the  Quadersandstein  of  various  localities  in  Saxony  borings  of  beetles 
in  fossil  wood,  which  are  credited  to  insects  of  this  family  under  the 
name  of  Cerambycites. 

A  considerable  variety,  though  no  great  number  of  species,  has  been 
found  in  the  Tertiary  deposits;  with  few  exceptions  they  have  been  re- 
ferred to  existing  genera,  and  these  exceptions  all  occur  in  the  Lamii- 
nee.  Thus  DeichmuUer  refers  a  species  from  Kutschlin  to  Mesosites, 
Scudder  one  from  Florissant  to  Parolamia,  and  Motschulsky  indicates 
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an  amber  8X)€cies  under  the  name  of  Dorcadionoides.  Allied  to  these 
Heer  describes  a  Mesosa  and  a  Lamia  from  Oeningen,  Heyden  a  Lamia 
and  Dorcadion  from  Bott,  and  Berendt  states  that  Lamia  occurs  in  am- 
ber. Heer  describes  also  two  species  of  Acaothoderes  from  Oeningen 
and  Heyden  an  Oberea  from  Eott,  while  four  species  of  Saperda  are  de- 
scribed from  the  Miocene  deposits  of  Oeningen  and  the  Rhine  and  the 
same  genus  is  recorded  from  amber.  Casts  of  large  insect  larvae  are 
also  sometimes  found  in  amber,  one  of  which  is  referable  to  Saperda. 
Such  casts  are  generally  very  rare  and  have  indeed  not  been  known  a 
great  while.  They  all  belong  to  larvae  of  this  family  and  the  next.  Of 
the  Cerambycince  proper,  Leptura  is  recorded  as  found  in  amber,  both  as 
larva  and  imago.  IN^ecydalis  also  occurs  in  amber,  three  species  of  Clj^tus 
are  described  from  Oeningen  and  Aix  and  a  Trachyderes  from  Sieblos. 
Obrium  and  Molorchus  are  recorded  from  amber  and  two  species  are 
described  from  the  Rhenish  brown  coal  under  the  name  of  Hesthesis. 
Cerambyx  has  been  found  in  amber,  both  as  imago  and  larva,  and  is  re- 
corded also  from  Oeningen,  Aix,  and  the  Rhine.  Heyden  describes  a 
Hylotrupes  from  Rott  and  Heer  two  species  of  Callidium  from  Oeningen. 
Species  of  this  last  genus  have  also  been  referred  to  as  found  in  amber, 
at  Aix,  and  in  the  Quaternary  deposits  of  Utznach.  Fifteen  or  twenty 
undescribed  species  of  this  family  occur  at  Florissant. 

4.  Family  Spondylidae. 

Two  species  of  Spondylis  are  described  by  Giebel  and  Germar  from 
amber  and  the  Rhenish  coal,  and  Goldfuss  states  that  a  Parandra  is 
fonnd  in  the  latter.  The  larva  also  of  Spondylis  occurs  in  casts  in 
amber. ' 

4.  Series  Lamellicornia  Latreille. 

1.  Family  ScarabsBidse. 

A  few  representatives  of  this  family  have  been  found  in  Mesozoic  de- 
posits, and  even  as  far  back  as  the  Lias,  which  has  furnished  in  England 
a  fragment  referred  to  Melolontha  and  in  Switzerland  a  smaller  form 
called  Aphodiites.  Besides  these  we  have  in  the  Oolite  of  Solenhofen 
species  which  have  been  referred  to  Oryctes  and  Cetonia,  and  possibly 
some  of  the  other  larger  beetles  from  those  deposits  will  prove  to  belong 
here.  Scarabceides  deperditus  Germ,  belongs  to  the  hemipterous  family 
BelostomidsB.  The  Carboniferous  fossil*  from  Altenwald,  described 
nnder  the  name  of  Troxites,  is  probably  a  fruit. 

Species  of  this  family  are  abundant  in  the  Tertiaries  and  are  almost 
without  exception  referred  to  existing  genera.  Among  the  Cetonini  we 
have  five  species  of  Trichius  and  one  of  Valgus,  described  by  Heer,  from 
Oeningen.  Serres  speaks  of  members  of  this  group  as  occurring  at 
H^rault  and  Cur fis  catalogues  a  Cetonia  from  Aix.    Of  the  Dynastini^ 
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two  species  oT  Pentodon  are  described  from  Eott  and  Oeningen,  and  the 
last  has  furnuBhed  a  Scarabseus,  a  genus  also  recognized  by  Bertrand 
at  Glarus.  Among  the  Butelinij  Heyden  describes  an  Anoplognathus 
from  Eott,  and  four  species  of  Anpmala  are  flgared  from  Oeningen  and 
Rott,  while  a  new  genus,  Anomalites,  is  established  by  Fri6  for  a  fossil 
found  lying  in  a  very  natural  position  in  a  cavity  of  the  Sttsswasser- 
•quarz  of  !Nogent-le-Rotrou.  Among  the  MeloUmthini  Fliche  recognizes 
the  recent  Rhizotrogus  solatifiali^  in  the  |)eat  of  the  Flemish  coast  and 
Heer  describes  an  extinct  species  from  Oeningen.  Heer  recognizes  the 
the  modem  Melolontha  MppoccLStani  in  the  glacial  clays  of  Schwerzen- 
bach  and  describes  a  fossil  form  from  Greith,  and  Nov&k  another  from 
Krottensee;  while,  for  six  other  forms  from  Oeningen  and  Parschlug, 
Heer  establishes  the  new  genus  Melolonthites.  Serres  also  recognizes 
Pachypus  among  the  Aix  relics.  Of  the  Seridni  we  have  only  a  Lep- 
itrix  and  a  Serica  described  by  Heer  from  Oeningen,  besides  a  sx)ecie8 
of  the  latter  genus  mentioned  by  Giebel  as  found  in  amber.  A  species 
of  Glaphyrus  from  Oeningen  is  the  only  representative  of  the  Hoplini 
and  one  of  Trox  from  British  Columbia  of  the  Trogini.  The  Oeotrupini 
are  more  abundant,  and  include  an  extinct  genus,  Ooprologus,  described 
by  Heer  from  Oeningen,  a  Bolbocerus  from  Kutschlin,  with  four  extinct 
ispecies  of  Geotrupes  from  Aix,  Oeningen,  and  the  Rhine,  besides  three 
•existing  species  of  the  same  genus  in  the  Pleistocene  of  Vannes  and  in 
the  peat  below  the  till  in  Edinburgh.  A  species  of  Hybosorus  from 
Oeningen  represents  the  Hyhoaoriniy  and  six  species  of  Aphodius  de- 
scribed from  Oeningen,  amber,  Rott,  and  the  bone  caves  of  Pennsj^lva- 
nia,  besides  the  mention  of  one  from  the  Polirschiefer  of  Habicht«- 
wald,  represent  the  Aphodiini,  The  Coprini,  again,  are  both  abundant 
and  varied.  Oeningen  has  furnished  five  species  of  Onthophagus,  three 
of  Gymnopleurus,  two  of  Copris,  and  one  each  of  Glaphyrus  and  Oni- 
ticellus.  Curtis  also  recognizes  Copris  lunarU  L.  in  the  Pleistocene  of 
Mundesle^' and  Oustalet  describes  an  Onthophagus  from  Aix ;  besides 
these,  Horn  recognizes  in  the  relics  from  the  bone  caves  of  Pennsylva- 
nia species  of  Phanseus  and  of  Choeridium.  Heyden  describes  an  Onitis 
from  Rott  and  Serres  recognizes  Sisyphus  at  Aix.  Some  thirty  species 
of  undetermined  genera  of  this  family  have  been  found  at  Florissant. 

2.  Family  LucanidsB. 

Germar  describes  a  Platycerus  from  the  Rhine,  Deichmiiller  a  Dorcus 
from  Kutschlin,  and  Motschulsky  figures  a  Dorcasoides  from  amber. 
Platycerus  is  also  recognized  in  amber  by  Berendt,  Dorcus  in  the  Eocene 
of  the  Isle  of  Wight  by  Woodward,  and  Lucanus  in  the  Rhenish  coal 
by  Goldfuss  and  by  Giebel.  Menge  also  mentions  the  occurrence  of  a 
.single  Lncanid  in  his  amber  collection. 
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5:  Series  Sebbioornia  Latreille. 
1.  Family  Cioids. 

This  little  family  is  represented  by  a  Ois  and  by  a  Microzonm  described 
from  Bott  by  Heyden.    Berendt  also  recognizes  Gis  in  amber. 

2.  Family  LymexylidaD. 

Heer  names,  bnt  neither  describes  nor  figures,  Syleccetus  cyluidricuSj 
from  Oeningen ;  besides  this,  Atractocerns  and  Lymexylon  have  been 
recognized  in  amber,  the  latter  in  both  the  imago  and  the  larval  state. 

3.  Family  CnpeiinflD. 

Motschalsky  notes  in  amber  a  species  which  he  calls  a  Gnpoides,  from 

its  resemblance  to  Cupes,  and  the  latter  is  mentioned  in  his  list  of  amber 

insects  by  Berendt. 

4.-  Family  PtinidsB. 

Brongniart  describes  from  the  Cret>aceons  of  Lottinghem  a  fragment 
of  wood  with  perforations  of  a  beetle,  which  he  ascribes  to  a  Bostrychns. 

The  same  genus  is  recorded  as  occurring  in  amber  by  Burmeister, 
Hope,  and  Menge,  the  last  recognizing  the  larva  as  well  as  the  imago. 
LyctQS  and  Apate  are  also  both  said  to  occur  in  amber,  and  the  latter 
at  Aix  as  well.  Of  the  AnobiincBj  Dorcatoma,  Auobium.  and  Ptilinus 
are  recorded  from  amber,  the  first  also  in  a  larval  condition.  Anobium 
is  stated  to  occur  also  in  the  Isle  of  Wight,  and  three  species,  as  well 
as  one  of  Sitodrepa,  are  described  from  Wyoming.  Ptilinus  is  also 
mentioned  by  Heyden  as  found  at  Salzhausen,  and  the  same  author  de- 
scribes an  extinct  genus,  Xyletinites,  from  Bott.  Among  the  FtininWy 
two  species  of  Ptinns  are  described  by  Heyden  from  Rott  and  Stosschen 
and  the  genus  is  also  recognized  in  amber  and  at  Aix.  Eight  or  nine 
species  of  the  family  occur  at  Florissant. 

5.  Family  CTlerids. 

Heer  describes  a  Olerus  from  Oeningen  and  Giebel  one  from  amber, 
tfenge^s  amber  collection  contained  fourteen  specimens  of  this  family 
and  Berendt  catalogues  species  of  Gorynetes,  Opilo,  and  Tillus.  A 
single  species  is  found  at  Florissant. 

6.  Family  MalaohidsD. 

Heer  describes  a  Malachius  from  Oeningen,  and  this  genus,  Dasytes, 
and  Ebsdus  have  been  found  in  amber. 

7.  Family  LampyridsB. 

Heer  states  that  three  species  of  this  family  have  been  found  in  the 
Lias  of  Schambelen  and  one  of  Brodie's  species  from  the  Lower  Lias  ot 
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Forthampton  is  referred  by  Giebel  to  Telephonis.  In  the  Lower  Pur- 
becks  of  Durdlestone  Bay  Westwood  figures  a  somewhat  similar  form 
under  the  name  of  Telephorium  dbgarus. 

The  family  is  moderately  abundant  in  the  Tertiaries  and  the  species 
are  all  referred  to  existing  genera.  Telephorus  claims  nine  described 
species  from  Oeningen,  Bott,  and  Kadoboj ;  Chauliognathus,  Lampyris, 
and  Luciola,  one  each  from  Florissant,  Oeningen,  and  Rott,  respectively. 
Lampyris  is  also  stated  to  occur  in  amber,  as  are  also  Lycus  and  Mal- 
thinus. 

8.  Family  BnprestidfiB. 

This  family  appeared  as  early  as  the  Trias,  a  species  of  Glaphyroptera 
and  one  of  Buprestites  being  described  by  Heer  from  Vadutz ;  the 
Rhaetic  also  has  a  species  from  Sweden  referred  to  Buprestites. .  It  was 
already  abundant  in  the  Lias,  where  no  less  than  thirty-three  species 
and  seven  genera  were  recognized  by  Heer  at  Scharabelen  ;  indeed,  no 
other  family  contained  half  so  many  species,  and  it  comprised  more  than 
28  per  cent,  of  all  the  Coleoptera.  Two  of  the  genera  specified,  Euchroma 
and  Melanophila  (2  sp.),  are  existing  types,  but  Glaphyroptera  (6  sp.), 
Micranthaxia  (2  sp.),  Buprestites,  and  Ohrysobothrites  are  extinct  types. 
A  large  proportion  of  these  species  are  undescribed.  A  species  of  Bupres- 
tites is  also  recognized  by  Heer  in  the  Lias  of  Pechgraben,  Austria, 
and  one  is  figured  by  Blake  from  the  English  Liasj  four  or  five  other 
Liassic  species  figured  in  Brodie's  work  are  also  referred  to  this  family, 
some  under  the  name  of  Ancylocheira.  The  Oolite  of  England  furnishes 
several  species,  referred  mostly  to  Agrilium,  Buprestis,  and  Buprestid- 
ium,  and  consisting  largely  of  single  elytra,  while  in  the  Oolite  of  So- 
lenhofen  the  genera  Buprestis  and  Ohrysobothris  have  been  recognized. 

Although  abundant  in  Tertiary  deposits,  this  family  is  not  so  predomi- 
nating as  its  past  history  in  the  Mesozoic  period  would  lead  us  to  antici- 
pate. It  contains,  however,  a  larger  proportion  than  usual  of  generic 
types  deemed  extinct,  Murray  finding  one,  Lomatus,  in  the  Tertiary  de- 
posits of  iN&gpur,  in  Central  India,  and  Heer  three,  Protogenia,  Fttsslinia, 
and  Buprestites,  the  last  with  three  species,  at  Oeningen.  Heer  also  finds 
species  of  this  latter  genus  at  Sieblos,  Bovey  Tracey,  and  in  Greenlan<l, 
and  Giebel  four  others  on  the  Rhine.  Among  modern  genera  we  have  Agri- 
lus,  single  species  described  from  Rott  and  others  recognized  at  Creech 
and  in  amber;  Acmseodera,  two  species  at  Oeningen;  Sphenoptera,  one  spe- 
cies each  at  Oeningen  and  at  Salzhausen ;  Ohrysobothris,  one  species  eacli 
atStosschenand  at  Florissant;  Anthaxia,  seven  species  at  Oeningen,  Salz- 
hausen, and  BTaumburg;  Dicerca,  five  species  at  Oeningen,  Salzhausen, 
Rott,  and  Naumburg;  Perotis,  five  species  at  Oeningen,  Rott,  and  Monte 
Bolca ;  Ancylocheira,  ten  species  in  the  same  localities;  Buprestis,  eight 
species  in  the  Rhenish  coal  and  British  Columbia,  besides  unnamed  spe- 
cies at  Aix  and  in  amber,  both  in  the  imago  and  the  larval  condition ; 
Capnodis  with  three,  Chalcophora  with  two,  and  Eurythyrea  with  one 
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species,  at  Oeningon.  Besides  these,  references  have  been  made  to  the 
occurrence  of  unineutioned  genera  of  the  family  in  the  Eocene  of  Borne- 
mouth,  Creech,  and  Dorset  and  in  the  peat  of  Lexden,  in  England,  and  a 
considerable  portion  of  the  beetles  of  Ndgpar,  in  India,  are  referred  here. 
They  are  rare  in  amber,  Menge  having  but  four  specimens  in  his  collec- 
tion of  over  eight  hundred  Coleoptera.  At  Florissant,  in  Colorado, 
about  thirty  species  have  been  found. 

9.  Family  ThrosddflB. 

Heer  figures  Trixagites  floralis  from  the  Lias  of  Schambelen  and 
Berendt  catalogues  Throscus  from  amber. 

10.  Family  ElateridsB. 

This  family  is  abundant  in  Mesozoic  rocks,  commencing  with  the  Lias, 
where,  in  Switzerland,  ten  species  are  recognized  by  Heer,  some  of  which 
retain  to  some  extent  the  coloration  of  the  elytra.  Megacentrus  and 
Elaterites  are  the  names  given  by  H^er  to  the  only  two  species  he  has 
figured,  and  the  latter  genus  is  also  recognized  by  him  in  a  species  from 
the  Jura  of  Irkutsk,  Siberia.  Eoemer  describes  under  the  name  of 
Elateropsis  a  species  from  the  Khaetic  of  Hildesheim,  and  the  English 
Lias  has  furnished  half  a  dozen  species  figured  by  Brodie  and  named 
by  Giebel,  all  as  of  the  genus  Elater.  Three  species  of  Elater  and  one 
of  Lacon  are  credited  to  the  Solenhofen  Oolite,  and  seven  species  of 
Elater  and  Elaterium  to  the  English  Purbecks. 

The  family  was  abundantly  and  variously  represented  in  the  Tertia- 
ries,  but  the  number  of  species  referred  to  extinct  genera  is  relatively 
small.  Heyden  describes  Silicernius  from  Eott,  Giebel  Elaterium  from 
Corfe,  and  to  Elaterites  are  referred  by  Heer  and  Deichmiiller  four  spe- 
cies from  Oeningen,  Greith,  and  Kutschlin ;  four  species  also  are  re- 
ferred to  Elater  from  Oeningen,  Spitzbergen,  and  amber,  and  Humerous 
references  to  the  same  genus  are  made  from  Aix,  Utznach,  Mundesley, 
Peckham,  and  Basel.  Oeningen  has  besides  furnished  among  the  true 
Elaterini  (to  which  it  is  probable  all  the  foregoing  refer),  species  of  Dia- 
cauthus,  Ischnodes,  Corymbites,  Cardiophorus,  Lacon,  Ampedos,  Limo- 
nius,  and  Adelocera,  of  which  genera  Cardiophorus  and  Limonius  are 
recognized  in  amber,  and  a  species  of  Corymbites  described  from  Wyo- 
ming. Oxygonus  has  two  species  in  Utah,  Cryptohypnus  one  in  Wyo- 
miDg,  besides  being  recognized  in  amber,  and  Campsostemus  one  at 
Kutschlin.  Among  the  JEucnemini  we  have  only  an  Epiphanis  from 
Utah  and  the  genera  Microrhagus  and  Eucnemis  recognized  in  amber. 
Elateridae  of  undetermined  position  have  also  been  recognized  at  Floris- 
i^HDt  and  in  British  Columbia  and  in  amber.  Menge  had  no  less  than 
one  hundred  and  thirty  specimens  in  his  amber  collection,  and  nearly  as 
iQ^ny  are  known  from  Florissant,  including  a  great  many  species, 
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11.  Family  DascyllidflB. 

A  minute  species  of  Oyphon,  tigured  by  Brodie  and  named  by  Giebel, 
bas  been  found  in  tbe  Purbecks  of  England  and  recognized  also  by 
Geinitz  in  the  Lias  of  Dobbertin. 

The  same  genus  has  been  recognized  in  the  Prussian  amber  and  in 
the  Tertiaries  of  New  South  Wales.  Scyrtes  is  also  catalogued  by  Be- 
reudt  from  amber ;  the  genus  Ptilodactyloides  was  founded  on  a  species 
also  found  in  amber,  and  Atopa  has  been  recognized  at  Aiz. 

6.  Series  Glayioornia  Latreille. 

I.  Family  FarnidsB. 

An  elytron  from  the  English  Purbecks,  referred  doubtfully  to  Lim- 
nius  by  Brodie  and  described  by  Giebel  as  an  Elmis,  is  the  only  refer- 
ence tp  this  family  in  the  Mesozoic. 

2.  Family  Byrrhidae. 

Five  species  of  this  family,  of  which  three  are  named  and  two  of  these 
figured  under  the  generic  title  Byrrhidium,  have  been  recognized  by 
Heer  among  the  Lias  insects  of  Schambelen. 

Scarcely  more  than  this  is  known  of  the  fi&mily  in  Tertiary  times. 
Three  species  of  Byrrhus  are  described  from  Rott  and  Oeuingen,  and 
the  same  genus  and  Limnichns  are  recognized  by  Berendt  among  the 
insects  found  in  amber. 

3.  Family  Lathridiidae. 

A  single  species,  Lathridiites  Schaumii  Heer,  is  found  in  the  Lias  of 
Schambelen. 

In  the  Tertiaries  Heer  describes  a  Corticaria  from  Aix  and  Berendt 
specified  Latbridius  in  his  catalogue  of  amber  insects. 

4.  Family  TrogositidflB. 

Heer  recognized  four  species  of  this  family  in  the  Liassic  beds  at 
Schambelen,  but  figures  only  one,  for  which  he  establishes  a  new  genus, 
Cycloderma. 

Trogosita  is  recorded  by  Serres  at  Aix,  and  nine  species  of  the  same 
are  described  from  Oeningen,  the  Rhenish  basin,  and  Greenland;  two 
species  of  Peltis  are  also  described  from  Oeningen  and  Rott,  and  (Jenin* 
gen  has  furnished  a  species  of  Gymnochila. 

5   Family  HitidnlidflB. 

Heer  mentions  seven  species  of  this  family  as  found  in  the  Lias  of 
Schambelen,  but  mentions  specifically  only  iV^ef?^w/ito  argovieims  and 
Petrorophus  truficatvst 
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They  are  not  very  abuudant  in  the  Tertiaries,  considering  the  present 
extent  of  the  family.  Rliizophagus,  Ips,  Strongylus,  and  Nitidula  are  all 
said  to  occur  in  amber,  and  six  species  of  Nitidula  and  two  of  Amphotis 
have  been  described  from  Radoboj  and  Oeningen.  A  species  of  Pro- 
metopia  from  British  Columbia  and  one  of  Phenolia  from  Wyoming 
complete  the  list,  excepting  that  half  a  dozen  nndescribed  spedea  of 
different  genera  are  found  at  Florissant. 

6.  Family  HisteridaB. 

The  only  Mesozoic  representative  is  an  obscure  specimen  from  Solen- 
hofeu,  referred  by  Weyenbergh  to  Hister. 

The  same  genus 'is  represented  at  Oeningen  by  eight  species ;  two 
species  of  Hister  are  found  in  amber,  according  to  Menge,  and  half  a 
dozen  species  of  undetermined  position  occur  at  Florissant. 

7.  Family  DermestideB. 

This  &mily  has  not  been  recognized  below  the  Tertiaries,  and  is  not 
ahandant  there,  a  single  species  of  Attagenus  having  been  described  by 
Heyden  fron^  Salzhausen  and  one  of  Dermestes  by  Heer  from  Oeningen. 
Both  Anthrenus  and  Dermestes  are,  however,  said  to  occur  in  amber 
and  two  or  three  species  of  the  family  are  found  at  Florissant. 

8.  Family  Mycetophagidse. 

A  single  species  referred  to  an  extinct  genus,  Prototoma,  is  stated  by 
Ueer  to  occur  in  the  Swiss  Lias  and  a  species  of  Triphyllus  is  described 
by  Onstalet  from  Aix. 

9.  Family  CryptophagidsB. 

Two  species  referred  to  an  extinct  type,  Bellingera,  figured  by  Heer 
from  the  Lias  of  Schambelen,  represent  this  group  in  Pretertiary  times. 

The  onlj'  Tertiary  species  known  are  an  Atomana  from  Oeningen,  an 
Antherophagns  from  Wyoming,  and  a  Cryptophagus  said  to  occur  in 
amber. 

10.  Family  CuoujidsB. 

Three  species  of  Sylvanus  and  one  of  Passandra  are  said  by  Menge 
to  occur  in  amber. 

11.  Family  ColydiidflB. 

A  species  of  Cerylon  described  by  Brodie  from  the  English  Purbecks 
is  the  only  known  Mesozoic  species. 

The  Tertiary  species  are  known  only  from  amber,  Stein  describing 
two  species  of  Bothrideres  and  Berendt  c^italoguing  Colydrium. 
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12.  Family  Erotylidae. 

A  species  of  Mycotretus  is  described  by  Scudder  from  Wyoming. 

13.  Family  EndomychidsB. 

In  amber  have  been  found  a  species  of  Lycoperdina,  according  to 
Menge,  and  Motschulsky  figures  a  species  under  the  new  generic  term 
Phymophoroides. 

14.  Family  Coocinellid». 

Either  referred  to  Ooccinella  or  simply  to  the  family  are  two  species 
from  the  upper  Lias  or  lower  Oolite  of  England,  one  in  the  middle  Oolite 
of  Solenhofen,  and  three  or  four  in  the  upper  Oolite  of  England. 

In  the  Tertiaries  we  find  a  Lasia  and  a  Sospita  at  Rott  and  twelve 
species  of  Ooccinella  about  equally  divided  between  Oeningen  and  Kott 
and  in  no  case  recognized  in  both  localities.  Ooccinella  has  also  been 
found  in  the  Lexden  peat  and  at  Aix  as  well  as  in  amber,  where  Menge 
records  a  larva.  Scymnus  is  also  recorded  from  amber  and  eight  or 
ten  species  of  the  family  occur  at  Florissant. 

15.  Family  FhalacridsB. 
Berendt  catalogues  a  Phalacrus  from  amber. 

16.  Family  SoaphidiidsB. 

An  obscure  fossil  from  Solenhofen  is  described  and  figured  by  Weyen- 
bergh  as  a  Scaphidium. 

In  the  Tertiaries  Heyden  figures  a  new  genus,  Seniaulus,  from  Bott. 
Heer  describes  a  Scaphisoma  and  a  Scaphidium  from  Oeningen  and 
the  latter  genus  is  recognized  in  amber. 

17.  Family  Staphylinid®. 

Brodie  figures  two  rove-beetles  from  the  English  Purbecks,  which 
Giebel  describes  under  the  genera  Philonthus  and  Prognatha,  respect- 
ively;  these  appear  to  be  the  only  Pretertiary  members  of  the  family. 

In  Tertiary  times,  however,  the  family  was  abundant  and  had  a  varied 
representation,  though  all  the  generic  types  but  two  or  three  are  recog- 
nized as  still  existing.  One  of  the  extinct  genera,  Protactus  Heer,  with 
two  species,  was  thought  by  him  to  represent  a  new  subfamily  group, 
ProtactidcBj  whose  nearest  relations  were  with  the  Hamalinu  Of  this 
latter  tj^pe  we  have  a  species  of  Anthophagus  from  Rott  and  a  Homa- 
lium  from  Radoboj,  while  both  genera  are  said  to  occur  in  amber.  Of 
the  Oxytelini  we  have  two  species  of  Bledius  from  Oeningen  and  Wyo- 
ming and  two  of  Oxyporus  from  Oeningen  and  Bott,  besides  both  of  these 
from  amber,  and  from  Oeningen  and  Utah  two  species  of  Oxytelus,  a 
genus  recognized  by  MoDre  in  the  Tertiaries  of  New  South  Wales.    The 
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Tachyparini  are  lepreeented  by  a  single  described  species  of  Tachyporas 
from  Bott,  though  not  only  this  genus  but  Tachinus  and  Mycetoporus 
occar  in  amber,  the  first-mentioned  abundantly.  Of  the  PcBderini^  Cus- 
talet  described  two  species  of  an  extinct  genus  which  he  calls  Erinnys^ 
from  Aix,  a  locality  which  has  also  furnished  one  species  each  of  Ache- 
nium,  Lithocaris,  and  Lathrobium ;  the  last-named  genus  has  also  species 
described  from  OeniDgen  and  Wyoming,  and,  besides,  Heyden  has  de- 
scribed a  Sunlus  from  Bott  and  Berendt'recognized  a  Stilicus  from  amber. 
The  Stenini  are  represented  by  three  species  of  Stenus  from  Aix  and 
Bott,  and  it  has  also  been  found  in  amber,  of  the  Staphylinini,  there 
are  Qnedius  with  two  species  at  Aix  and  Philonthas  with  three  at  Aix 
and  Bott  (both  of  these  genera  being  recognized  also  in  amber),  Xan- 
tholinus  at  Aix,  Leistotrophus  in  Utah,  Staphylinites  in  Wyoming,  and 
eight  species  of  Staphylinus  at  Aix  and  Oeningen ;  this  last  genus  haa 
also  been  recognized  in  both  Prussian  and  Sicilian  amber,  on  the  Isle 
of  Wight,  at  Bott,  and  in  Italy.  Finally,  of  the  Aleocharinij  Myrme- 
donia  and  Aleochara  have  been  recognized  in  amber,  a  species  of  Hy- 
groDoma  has  been  described  from  Aix,  and  one  of  Gyrophaena  from 
Utah.  Nearly  thirty  species  of  the  family  have  been  found  at  Floris- 
saot,  but  are  not  yet  published. 

18.  Family  Pselaphids. 

We  know  this  family  in  a  fossil  state  only  from  amber  inclusions. 
Motschulsky  recognized  two  genera,  which  from  their  relation  to  living 
fonos  he  called  Eupsinoides  and  Tmesiphoroides.  Berendt  notes  there 
the  presence  of  Bryaxis,  Euplectes,  and  Pselaphus,  and  Menge  that  of 
Bythinns. 

19.  Family  PausridaB. 

Menge  mentions  the  occurrence  of  Paussus  in  amber.  Motschulsky 
figures  from  Menge's  collection  a  species  which  he  recognizes  as  a  dis- 
tlDct  type,  Paussoides,  and  Stein  describes  an  Arthropterus  from  the 
same. 

20.  IB'amily  SoydmaenidsB. 

Oustalet  describes  a  Scydmaenus  from  Aix,  Berendt  recognizes  the 
same  genus  in  amber,  and  Motschulsky  mentions  as  found  in  amber  a 
distinct  type,  Scydmaenoides. 

21.  Family  Silphids. 

An  obscure  Solenhofen  fossil  is  figured  by  Weyenbergh  as  a  Silpha. 
Besides  this  the  only  Mesozoic  form  is  a  fragment  from  the  Gretaceoas 
of  Konnic,  referred  by  Fric  to  Silphites. 

'  This  Dame  is  pieoconpied  in  Lepidoptera  (Schrank,  1801).    It  may  be  called  Litbo- 
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The  family  is  poorly  represented  in  iphe  Tertiaries.  Anisoioma  and 
Gatops  are  credited  to  amber  and  four  species  of  Silpha  are  described 
from  as  many  localities :  Oeningen,  Eadoboj,  the  Ehine,  and  Spitzbergen. 
Besides  these  Heer  has  recognized  the  recent  8,  dispar  Herbst  in  the 
glacial  clays  of  Schwerzenbach.  Two  other  species  of  the  family  have 
been  fonnd  in  a  single  example,  each,  at  Florissant. 

22.  Family  HydrophUids. 

This  family  was  abundantly  represented  in  Mesozoic  times.  Its  first 
recognition  is  in  the  Ehaetic,  Heer  describing  a  specimen  of  Hydrophil- 
ites  from  Sweden.  In  the  Lias  of  Switzerland  no  less  than  fifteen  spe- 
cies have  been  recognized  by  Heer,  where,  next  to  the  Buprestidae,  they 
are  the  most  abundant  of  beetles  at  Schambelen.  Only  a  few  of  the 
species  have  been  described  or  figured  by  Heer,  but  these  have  all  been 
referred  to  extinct  genera :  Hydrophilites  (3  sp.),  Wollastonites,  and 
Hydrobiites.  The  English  Lias  has  also  furnished  a  species  referred 
by  Giebel  to  Berosus,  and  the  Purbecks  of  the  same  country  several 
species  figured  by  Brodie  and  referred  by  Giebel  to  Helophorus  (2  sp.), 
Hydrophilus  (2  sp.),  and  Hydrobius,  besides  some  unnamed  forms. 
Weyenbergh  also  looks  upon  the  Scarabceid^  deperditus  of  Germar, 
from  the  Oolite  of  Solenhofen,  as  a  Hydrophilus,  but  it  is  rather  a 
Belostoma.    (See  p.  61.) 

The  family  is  equally  well  represented  in  Tertiary  times.  A  species  of 
Gercyon  from  British  Columbia  represents  alone  the  Sphceridini,  Of  the 
Hydrobiini,  an  extinct  genus  Escheria,  with  two  species,  is  described  by 
Heer  from  Oeningen.  and  has,  perhaps,  another  on  the  Ehine ;  two  spe- 
cies of  Berosus  are  known  from  Wyoming,  four  of  Lacoobius  from  Aix, 
Corent,  Eott,  and  Wyoming,  two  of  Philhydrus  from  the  last,  and 
six  of  Hydrobius  from  Oeningen,  Aix,  Spitzbergen,  and  Wyoming. 
The  Hydrophilini  are  the  most  abundant,  showing  two  species  of  Tropis- 
ternns  from  Wyoming,  six  of  Hydrous  from  Oeningen  and  Eott,  and 
eleven  of  Hydrophilus  from  Aix,  Parschlag,  Chexbres,  and  Oeningen, 
besides  the  interglacial  beds  near  Basel.  Hydrophilus  piceus  L.  has  also 
been  recognized  by  Sordelli  in  Italian  peat,  and  the  genus  has  been  recog- 
nized at  Florissant  and  in  the  Isle  of  Wight.  Heer  also  describes  two 
extinct  genera,  Hydrophilites  and  Hydrophilopsis,  the  former  with  a 
species  from  Greenland,  the  second  with  one  from  Oeningen,  to  which 
Oustalet  adds  a  second  from  Aix.  The  Helophorini  are  represented  by 
two  species  of  Helophorus  from  Oeningen  and  one  of  Ochthebius  at  Eott. 

7.  Series  Adephaga  Clairville. 

1.  Family  Q3rrinidflB. 

The  Lias  furnishes  a  considerable  number  of  species  of  this  family, 
Heer  finding  seven  in  Switzerland  and  two  being  known  from  England. 
Heer  refers  all  his  species  to  Gyrinites  and  Gyrinus,  but  only  figures 
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four  of  them,  all  but  one  Gyrinites.  The  two  English  species  are  both 
figured  by  Brodie  and  named  Gyrinus  by  Giebel.  The  only  other 
Mesozoic  form  known  is  a  Gyrinus  from  Soleuhofen. 

They  are  not  so  abundant  in  the  Tertiaries,  the  only  extinct  species 
known  being  three  of  Dineutes  from  Oeningen  and  one  from  amber  re- 
ferred by  Motschulsky  to  a  distinct  genus  Gyrinoides.  Gyrinus  is  also 
recognized  by  Menge  in  amber  and  the  modern  (7.  natator  L.  and  O. 
marinus  Gyll.  were  found  by  Heer  in  the  glacial  clays  of  Switzerland  at 
Schwerzenbach  and  Basel. 

2.  Family  BytiscidsB. 

This  family  has  not  been  recognized  in  the  Swiss  Lias,  but  the  En- 
glish has  furnished  a  single  species  referred  to  Laccophilus.  The  Oolite 
of  Bavaria  and  that  of  England  each  possesses  a  species  of  Dytiscus  and 
one  of  flydroporus. 

It  is  tolerably  abundant  in  the  Tertiaries,  but  all  the  species  have  been 
referred  to  existing  genera.  Cybister  is  represented  by  three  species  at 
Oeningen  and  Locle,  Eunectes  by  one  at  Corent,  Hydaticus  by  two  at 
Oeningen,  Dytiscus  by  six  at  Oeningen  and  Hohgau  in  Miocene  beds,  and 
at  Merla,  Italy,  in  the  Quaternary,  besides  which  the  genus  has  been 
recognized  in  the  Isle  of  Wight  Tertiaries,  on  the  Bhine,  and  at  Aix. 
Heer  describes  two  species  of  Colymbetes,  from  Oeningen  and  Eadoboj, 
and  one  is  recognized  at  Aix  by  Hope;  Heyden  describes  an  Agabus 
from  Eott  and  Menge  says  it  occurs  in  amber,  while  Aymard  quotes  two 
species  of  Necticus  as  found  at  Le  Puy.  Heer  again  describes  two  spe- 
cies of  Hydroporns  from  Oeningen  and  a  Laccophilus  from  Spitzbergen, 
and  the  latter  genus  has  been  recognized  in  Utah.  Heyden  describes  a 
Pelobius  from  Eott. 

3.  Family  CarabidflB. 

This  family  is  one  of  the  most  abundant  in  species,  whether  in  Meso- 
zoic, Tertiary,  or  present  times.  It  reaches  back  to  the  Khaetic,  Heer 
having  found  one  species  among  those  of  Sweden  examined  by  him, 
which  he  refers  to  the  extinct  genus  Carabites.  In  the  Lias  they  are 
more  plentiful,  Heer  having  found  eleven  species  at  Schambelen,  al- 
though he  has  only  named  and  figured  four,  of  which  he  refers  three  to 
Carabites  and  one  to  the  extinct  genus  Thurmannia.  One  of  the  spe- 
cies of  Carabites  has  also  been  recognized  at  Dobbertiu,  and  an  addi- 
tional species  in  the  Austrian  Lias.  Three  species  in  the  English  Lias 
figured  by  Brodie  are  referred  by  Giebel  to  Harpalus.  The  Oolites  have 
furnished  a  greater  variety  of  forms,  a  dozen  species  from  the  English 
Purbecks  having  been  referred  by  Giebel  to  Oarabus,  Harpalus,  Oymin- 
dis,  and  Camptodontus,  and  by  Westwood  to  Harpalidium ;  one  species 
of  Carabus  also  is  found  in  the  lower  Oolite  of  England,  and  species 
referred  to  Oarabus  and  Oarabicina  have  been  found  in  the  middle  Oolite 
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of  Solenhofen.  Lastly,  Fri6  figures  under  the  name  of  Brachinites  a  frag- 
ment of  an  elytron  from  the  Cretaceous  of  Bohemia.  (See  p.  106,  note.) 
In  the  Tertiaries  this  family  is  very  abundant  and  varied,  especially 
umong  the  HarpalincB.  In  the  Harpalini  proper,  Harpalus  has  eleven 
species  from  Bott,  Aix,  Oeningen,  and  Badoboj,  besides  the  recent  B,  Ub- 
inooUis  in  the  glacial  clays  of  Schwerzenbach  and  others  reported  from 
amber  and  the  Pliocene  of  Mundesley  j  Heer  describes  also  one  species 
eachof  Sinis  and Dichirotricus  from Oeningen.  Of  the  ChlcBniini  we  have 
only  the  genus  Ghlsenius,  two  species  of  which  are  known,  one  from  am- 
ber and  the  other  from  the  bone  caves  of  Pennsylvania,  Of  the  Brachy- 
ninij  a  single  species  of  firachynus  from  Oeningen.  Of  the  Belluonini^  a 
•species  of  Polystichus  from  Aix,  another  reported  in  amber,  apd  one  of 
fielluomorpha  described  from  the  same.  The  Lebiini  are  more  varied 
Hud  abundant :  Motscbulsky  has  credited  two  extinct  genera,  Agatoides 
and  Cymindoides,  to  amber,  besides  which  Dromins  and  Gymindis  are  re- 
ported from  the  same;  species  of  Gymindis  are  also  described  from  Oenin- 
gen and  the  Pennsylvania  bone  caves,  and  of  Lebia  from  Salzhansen. 
Among  the  Plaiynini^  a  species  of  Platynus  has  been  found  in  Wyoming, 
another  in  the  Quaternary  beds  of  La  Boisse,  and  a  recent  species,  P. 
gracilU  Oyll.,  in  the  Pleistocene  of  Jarville.  Heer  has  found  an  Ancho- 
menus  at  Badoboj  and  Menge  recognizes  it  in  amber,  which  also  har- 
bors Galathus.  Of  the  Lieininij  five  species  of  Badister  occur  at  Oenin- 
gen, Horn  finds  two  of  Dicselus  in  the  Quaternary  bone  caves  of  Penn- 
sylvania, and  Wollaston  recognizes  Licinus  in  the  Lexden  peat.  The 
Pterastiehini  are  still  more  varied:  three  species  of  Pterostichus  are 
known  from  Oeningen  and  the  peat  of  Wohlscheid,  and  it  has  also  been 
noticed  in  amber  and  in  the  Pennsylvania  bone  caves ;  two  species  of 
Argutor  are  described  from  Oeningen,  and  a  recent  species,  A.  vemaliSj 
in  the  interglacial  clays  near  Basel ;  another  recent  species,  Omaseus 
nigrita,  occurs  in  similar  beds  at  DtLmten ;  two  species  of  Feronia  are 
described  from  Aix  and  one  is  said  to  occur  in  the  Pleistocene  of  Utz- 
nach;  four  species  of  Amara  occur  at  Oeningen  and  Hochheim,  one  of 
.Stomis  at  Aix,  and  a  Loxandrus  in  the  glacial  clays  near  Toronto, 
Canada.  Among  the  Pogonini  we  have  two  species  of  the  extinct 
genus  Trechinites  at  Oeningen.  Motschulsky  recognizes  another  ex- 
tinct type,  Trechoides,  in  amber,  and  Fliche  finds  the  recent  Patrobus 
exca/vatm  in  the  Pleistocene  of  Jarville.  Of  the  Bemhidiini  only  Bem- 
bidium  has  been  found,  but  of  it  four  species,  in  amber,  in  Wyoming, 
and  at  Aix,  besides  the  recent  species,  B.  nitidulum  and  B,  oitusum^  in 
peat  at  Jarville.  A  species  of  Panagseus,  found  at  Aix,  represents 
alone  the  Panagmni.  When  we  come  to  the  OardbincB  proper  we  find 
among  the  Scaritini  an  interesting  extinct  type,  Olenopterus  Heer,  rep- 
resented by  a  single  species  at  Oeningen ;  Heer  also  describes  a  Scarites 
fit)m  Eadoboj  and  Glivina  occurs  in  amber.  The  Nebriini  are  repre- 
sented by  Nebria,  which  has  one  species  each  at  Oeningen,  Aix,  and 
in  British  Columbia,  and  has  been  detected  also  in  amber.    A  single 
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Lorioera  from  the  glacial  clays  of  Toronto,  Canada,  represents  the  Lo- 
rkerini^  and  three  species  of  Gychrus,  described  from  the  Pennsylvania 
bone  caves  and  from  Wyoming,  the  Cychrini;  while  for  the  Ctirabini  no 
less  than  ten  species  of  Galosoma  are  described  from  Aiz,  Oeningen, 
Locle,  and  the  Bhine,  eight  species  of  Carabites  from  the  polar  regions, 
Oeningen,  and  DtLrnten,  and  a  recent  species  of  Carabus,  C.  arvensis^  is 
found  at  Schwerzenbach ;  the  genus  has  also  been  recognized  in  amber. 
Other  undetermined  species  of  Garabidse  have  been  reported  from  An- 
trim and  H^raalt,  and  some  thirty  species  occur  at  Florissant. 

4.  Family  CioindelidflB. 
Brull^  reports  a  species  of  Gicindela  in  amber. 

C  — METABOLA  Packard  (ex  Leach). 

Body  generally  small,  cylindrical,  distinctly  triregional,  and  well  con- 
structed for  swift  or  directed  flight.  Thorax  highly  organized  and 
compact,  the  prothorax  insignificant,  the  abdomen  generally  peduncu- 
late. Mouth  parts  haustellate.  Front  wings  membranous,  generally 
larger,  often  much  larger,  than  the  hind  pair,  the  veins  generally  dis- 
tant and  the  membrane  without  reticulation.  Metamorphosis  complete ; 
pupa  inactive. 

5.  Order  DIPTESA  Linn6. 

BIBLIOOBAPHY. 

(See,  al«o,  pp.  82  and  sa.) 

GUtrd,  A.    Note  ear  lea  Bibionides  fossiles.    BuU.  sclent,  d^p.  Nord.    [2.]    Tome  I. 

8to.    LUle,  187a 
Heydenf  C,  and  L.  van.    Bibioniden  aos  der  rheinischen   Braankohle  yon  Rott. 

Palsontogr.     BandXIY.    Taf.8, 9.    4to.    Cassel,  m&5. 
Dipteren-Larve  ana  dem  Terti&r-Tbon  von  Nieder-Fldrsheim.    Ibid.    Band  XY. 

4to.    Caaeel,  1866. 
Henden,  L,  von.    Foseile  Dipteren  ana  der  Braunkohle  yon  Bott.    Ibid.    Band  XYII. 

Taf.  44,  45.    4to.    Caesel,  1870. 
Loew,  H.    Ueber  den  Bernstein  nnd  die  Bemstein-Fanna.    4to.     Meseritz,  1850. 
Ueber  die  Dipteren-Faana  des  Bemateina.    Ber.  d.  Yereina  deatach.  Naturf. 

Band  XXXY.    4to.    Konigsberg^  1861.     (Tranal.:  Amer.  Jonm.  So.    [3.]    Yol. 

XXXYII.    8vo.    New  Haven,  1864.  ) 
Berichtignog  der  generischen  Bestimmung  einiger  foeailen  Dipteren.    Zeltachr. 

d.  gea.  Natnrw.    Baod  XXXII.    Taf.  5.    Svo.    Berlin^  1868. 
(kten-Sacien,  E.  v&n,    A  relic  of  the  Tertiary  period  in  Europe,  Elephantomyia. 

Mittb.  d.  mttnch.  entom.  Yereina.    Band  Y.    Svo.    MUnchen,  1881. 
Vugtr.F,    Foaaile  Insecten.    Acta  Acad.    Leop.-Carol.    Yol.  XIX.    Tab.  71, 72.    4to. 
Yratialavise,  1842. 

Body  generally  smaU,  subcylindrical,  sometimes  flattened  aboYe, 
completely  triregional,  tbe  Lead  especially  being  connected  with  the 
thorax  by  a  very  constricted  neck,  tbe  integument  delicately  coriaceous. 
Antennae  either  long,  filiform,  and  generally  simple,  or  short,  with  the 
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third  joint  inflated  and  the  remainder  reduced  to  two  or  three  taper- 
ing joints  or  a  bristle.  Mouth  parts  adapted  for  piercing  and  sucking, 
the  greatly  developed  fleshly  labium  (which  is  destitute  of  palpi)  serv- 
ing as  a  gutter  for  the  reception  of  the  lancet-like  maxillae  and  mandi- 
bles. Prothorax  reduced  to  at  most  a  mere  collar  on  the  front  of 
the  mesothorax,  which  latter  is  developed  at  the  expense  of  both  the 
other  parts  of  this  region.  Front  wings  membranous,  never  folded, 
generally  slender,  with  an  inferior  basal  lobe,  the  veins  in  front  crowded, 
behind  distant,  the  cross- veins  few  and  definitely  placed;  no  reticula- 
tion. Hind  wings  reduced  to  a  club-shaped  lamina.  Legs  very  slender. 
Metamorphosis  complete,  the  appendages  of  the  pupa  free,  but  the 
whole  pupa  often  undergoing  its  transformation  within  the  larval  skin. 
These  metamori)hoses  are  characterized  as  orthorhaphic  when  the 
pupa  escapes  by  a  T'Shaped  vent  in  the  larval  skin  and  cyclorhaphic 
when  it  escapes  through  a  circular  opening  forming  a  lid.  Correspond- 
ing exactly  to  this  and  to  structural  distinctions  in  the  wings,  the 
larva,  which  is  apodal  or  vermiform,  is  either  acephalous,  the  first 
segment  never  being  chitinous  (Cyclorhapha),  or  has  a  more  or  less 
perfectly  developed  head  (Orthorhapha). 

1.  Division  Diptbba  cyclorhapha  Brauer. 

The  only  Mesozoic  species  (excepting  a  couple  of  Syrphidse)  referred 
to  this  division  of  the  Diptera,  and  possibly  belonging  here,  is  Musca 
Uthophila  from  Solenhofen,  an  object  so  obscure  that  it  is  not  even  cer- 
tainly a  Dipteron. 

In  the  Tertiary  rocks  this  division  is  much  more  rare  than  the  other 
Diptera,  and,  with  the  exception  of  the  Syrphidse,  may  be  treated  as  a 
whole. 

Four  species  of  Musca,  using  the  term  in  a  broad  sense,  are  described 
by  Presl  from  amber,  and  Schlotheim,  Burmeister,  and  Gravenhorst 
also  refer  to  it  in  the  same  way.  Larvae  of  this  division,  under  the  names 
of  Musca  and  Muscidites,  are  described  from  Utah  and  from  the  Bhine. 
A  vast  host  of  undetermined  genera  of  several  of  the  families  occurs  at 
Florissant.  Our  present  knowledge,  however,  is  largely  dependent 
upon  amber.  To  take  the  series  of  families  in  their  natural  order,  we  may 
begin  with  the  Phoridee^  where  Loew  has  recognized  eleven  species  of  Phora 
in  amber,  someof  them  differing  greatly  from  modern  forms ;  of  the  Agra- 
myzidod^  a  species  of  Agromyza  has  been  found  at  Eadoboj  and  a  larval 
mine  on  Ulmus  at  Schossnitz  has  been  referred  to  the  same  genus  by  Gop- 
pert;  of  the  Oscinidw,  Ghlorops  occurs  in  amber;  of  the  DrosophilidcBj 
Drosophila,  in  amber;  of  the  JEphydridcBj  Ochtera  at  Aix  and  Ephydra 
in  amber;  of  the  8apromyzidm^  Sapromyza  in  amber;  of  the  Lonchmdod, 
one  species  each  of  Palloptera  and  LonchsBa,  described  from  British  Go- 
nmbia  ;  of  the  TrypetidoBy  one  species  of  Tephoritis  from  Badoboj;  of 
the  OrtnlidcBj  an  extinct  genus  Lithortalis  fr^m  British  Columbia  (eigbt 
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or  ten  species  of  this  or  the  preceding  family  occar  at  Florissant) ;  of  the 
MiGTopezidoBy  Oalobata  (two  species)  in  amberj  of  the  PsilidcBy'o,!!  extinct 
genns  Psilites  described  from  Eadoboj ;  of  the  Sciomyzidcdj  three  spe- 
cies of  Sciomyza  described  from  British  Columbia ;  of  the  Helomyzidce, 
two  species  of  Heteromyza  described,  one  from  Utah  and  one  from  Wy- 
oming, and  Helomyza  recognized  in  amber;  of  the  CordyluridWj  Sea- 
tophaga  in  amber,  Oordylura  at  Eadoboj  ;  perhaps  also  Heer's  Dipter- 
ites  obwletum  belongs  here  (Massalongo's  Dipterites  Angelina  from  Monte 
Bolca  is  quite  unintelligible) ;  of  the  AnthomyidcBj  six  species  of  Antho- 
myia  described  from  Eadoboj,  Eott,  and  British  Columbia,  besides 
which  Anthomyia  and  Eriphia  have  been  found  in  amber  and  species  of 
andetermined  genera  occur  at  Florissant;  of  the  MuscidoBy  Stomoxys  is 
referred  to  by  Giebel  as  occurring  in  the  Tertiary  (without  specification) 
and  Loew  recognizes  the  family  in  amber ;  of  the  Tachinidasy  Tachina, 
Echinomyia,  and  undetermined  genera  in  amber,  and  a  si>ecies  of  Echi- 
nomyia  described  from  Oeningen;  of  (EstridcBy  (B^trns  in  amber  and  at 
Florissant,  with  possibly  the  larva  from  Oeningen  described  by  Heer 
under  the  name  of  Dipterites  obovatum;  of  PipunculidcBj  Pipunculus  in 
amber  and  half  a  dozen  species  of  the  family  at  Florissant ;  of  Oanop- 
id(B,  an  extinct  genus,  Poliomyia,  has  been  found  in  Wyoming,  and  a 
aecond,  unnamed,  has  been  briefly  characterized  by  Loew  from  amber. 

Family  SyrphidsB. 

A  very  obscure  object  from  Solenhofen  is  referred  by  Weyenbergh  to 
Oheilosia,  and  Giebel  refers  to  a  new  genus,  Eemalia,  a  minute  fly  flg- 
ared  by  Brodie  from  the  English  Pnrbecks,  but  its  reference  here  is 
very  doubtful. 

In  the  Tertiaries  this  family  is  more  abundant  and  varied  than  any 
of  the  other  families  of  Diptera  cyclorhapha.  Burmeister  and  Serres 
both  recognize  Microdon  at  Aix,  Pipiza  has  been  described  from  Eott, 
Oheilosia  from  Wyoming,  and  seven  species  of  Syrphus  from  Oeningen, 
Badoboj,  Eott,  and  Sinigaglia,  besides  which  it  has  been  recognized  in 
amber.  In  amber,  also,  are  found  two  peculiar  genera  allied  to  Oscia 
and  Xylota,  besides  Oheilosia,  Yolucella,  and  Criorrhina ;  Ehingia  is 
noticed  at  Aix,  Eristalis  described  from  Utah,  Helophilus  and  Mero- 
don  from  the  Ehine,  and  Milesia  from  Wyoming.  Lastly  some  thirty  or 
more  si>ecies  of  various  genera  occur  at  Florissant,  a  considerable  num- 
ber of  them  in  a  remarkable  state  of  preservation. 

2.  Division  Diptera  obthorhapha  Brauer. 

1.  Section  Braohygera  Zetterstedt. 

1.  Family  Doliehopodito, 

This  family  is  particularly  abundant  in  amber,  Loew  having  counted 
not  less  than  sixty-eight  species  of  the  genera  Dolichopus,  Ehaphium, 

(87) 


Digitized  by 


Google 


88  REVIEW   OF   FOSSIL   INSECTS.  [bulHL 

Porphyrops,  Psilopas,  Medeterus,  and  Ghrysotus.  Giebel  describes  a 
single  species  each  of  Medeterus  and  Ohrysotas  from  amber,  and  the 
genus  Dolichopus  has  been  recognized  at  Sieblos  and  in  Wyoming  and 
British  Columbia. 

2.  Family  Empids. 

Weyenbergh  figures  a  fly  from  Solenhofen  under  the  name  of  Umpidia 
Wulpii  and  a  species  from  the  Wealden  of  England  figured  by  Brodie 
is  referred  by  Oiebel  to  a  new  genus,  Hasmona. 

All  but  one  of  the  twelve  genera  which  have  been  recognized  from  the 
Tertiaries  are  known  from  amber.  Of  the  Taehydromina  we  have  three 
species  of  Hemerodromia^five  of  Tachypeza,  seven  of  Tachydromia,  and 
one  of  Drapetis  recognized  by  Loew  in  amber.  Of  the  Empidina  proper, 
Loew  found  twenty-one  species  of  Bhamphomyia,  sixteen  of  Empis, 
three  of  Leptopeza,  three  of  Oloma,  and  two  of  a  genus  near  Hilara,  all 
fh>m  amber ;  besides  which  Oiebel  describes  two  species  of  Empis  from 
amber  and  two  are  described  from  the  Bhenish  coal ;  the  genus  has 
been  recognized  also  at  Aix  and  Heer  describes  «n  extinct  genus,  Hi- 
larites,  from  that  place.  Of  the  Hybotina  all  again  are  amber  species, 
Loew  recording  two  species  of  Hybos  and  one  of  Brachystoma,  while 
Oiebel  describes  a  species  of  Thirza. 

3.  Family  C3rrtid». 

A  species  of  Acrocera  is  described  from  Utah. 

4.  Family  TherevidsB. 

One  species  of  Thereva  is  described  from  the  Bhine  and  three  were 
recognized  by  Loew  in  amber. 

5.  Family  BombylideB. 

The  only  species  known  to  Loew  from  amber  was  a  Gorsomyia,  but 
Oiebel  describes  a  Lomatia  and  Burmeister  mentions  an  Anthrax  from 
the  same.  Anthrax  is  also  said  to  occur  at  Oeningen  and  on  the  Bhine 
and  Oermar  describes  an  Anthracida  and  a  Phthiria  from  the  Bhine. 
Berendt  also  recognized  Bombylius  in  amber  and  Schlotheim  says  it  oc- 
curs at  Oeningen.  Florissant  has  a  great  variety  of  forms  of  this  fam- 
ily, though  the  species  are  rare  in  individuals. 

6.  Family  HemestrinidsB. 

Serres  mentions  a  Nemestrina  at  Aix,  and  a  new  genus,  Palembolus, 
is  described  from  Florissant,  which  has,  besides,  several  other  species 
belonging  to  this  family  or  to  MidaidsB. 
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7.  Family  AsilidflD. 

This  family  is  represented  in  the  Mesozoic  rocks  by  an  insect  in  the 
Lower  Lias  of  Forthampton,  Bng.,  referred  by  Brodie  to  Asilns,  and 
by  one  from  the  051ite  of  Solenhofen,  called  Asilicus  by  Germar. 

In  the  Tertiaries  we  have  five  species  of  Asilns  described  from  amber^ 
Oeningen,  and  Badoboj,  besides  which  it  is  reported  from  Aix  and  Bott^ 
of  the  section  Dasypogonina  there  is  an  extinct  genus,  Stenocinclis,  found 
in  Wyoming.  Holopogon  has  an  amber  species  and  Leptogaster  one  at 
Badoboj ;  Dasypogon  also  is  reported  as  found  in  both  Prussian  and 
Sicilian  amber.  This  family  and  the  following  are  abundantly  repre- 
sented at  Florissant,  and  the  former  also  occurs  in  British  Columbia^ 
and,  according  to  the  author  of  the  Ittiologia  Veronese,  in  Italy. 

8.  Family  Leptids. 

Atherix  and  Leptis  are  the  only  genera  of  this  family  described  as 
fossil  J  of  the  former  four  species  were  known  to  Loew  from  amber,  of  the 
latter  five,  and,  besides  this,  it  has  been  recognized  by  F.  Smith  in  the 
Eocene  deposits  of  the  Isle  of  Wight. 

9.  Family  TahanidsB. 

This  family  is  rare  in  a  fossil  state.  Loew  found  but  a  single  speci- 
men in  amber,  belonging  to  Silvius,  and  it  has  not  been  otherwise  re- 
ported from  that  source.  Heer  figures  a  species  of  Hexatoma  from 
Oeningen.  Aymard  referred  an  undescribed  species  from  Le  Puy  to  a 
dis  iuct  genus,  ^moaipus.  Tabanus  has  been  reported  to  occur  in  the 
Khenish  coal  and  at  Aix  and  Malfatti  finds  a  specimen  referred  to  this 
family  in  the  calcareous  tufa  of  the  Quaternary  of  Grone,  Italy. 

10.  Family  AoanthomeridsB. 

A  single  specimen  of  a  species  of  Arthroi>eas  was  found  by  Loew  in 
amber. 

11.  Family  StratiomyidflB. 

The  larger  part  of  the  fbssil  species  of  this  family  have  been  recog- 
nized at  Aix,  where  Giebel  describes  a  new  genus,  Curtisimyia,  and 
Hope  figures  an  Odontomyia.  Serres  also  recognized  there  species  of 
Nemotelus,  Oxycera,  and  Sargus.  In  addition  to  these,  Oustalet  de- 
scribes a  species  of  Stratiomys  from  the  Miocene  of  Pontary,  and  the 
same  genus  has  been  recognized  in  larvse  at  Bemouville  (Quaternary) 
and  at  Bott,  and  Beris  by  Giebel  at  an  unmentioned  Tertiary  locality. 
At  Florissant  there  are  a  half  dozen  species  of  different  genera. 

12.  Family  XylophagidsB. 

Loew  found  in  amber  a  large  species  of  Xylophagus,  two  species  of  a 
new  genus  (Bolbomyia),  one  species  of  still  another  extinct  genus  (Habro- 
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8oma),  and  one  species  each  of  Electra  and  Ohrysothemis ;  most  of  them 
are  known  by  single  examples.  Heer  also  describes  a  Xylophagas  from 
Aix,  where  Serres  had  already  recognized  its  presence. 

2.  Section  Nematooeba  Latreille. 

1.  Family  RhyphidsB. 

A  very  fragmentary  fossil  from  the  English  Purbecks  is  figored  by 
Brodie  under  the  name  of  Rhypkus  priscus^  but  is  referred  by  Oiebel  to  a 
special  genus,  Bria.  It  is  doubtful  whether  it  belongs  here ;  it  is  indeed 
more  probably  a  Ohironomid. 

The  family  is  recognized  in  Tertiary  limes  by  four  species  of  Ehyphus 
eredited  by  Loew  to  amber,  by  the  occurrence  of  the  same  genus  in  Sici- 
lian amber  according  to  Ou^rin,  and  by  a  species  of  the  same  described 
by  Heer  from  Radoboj. 

2.  Family  TipulidsB. 

Several  species  of  Tipulidae  are  referred  to  by  Brodie,  Westwood, 
Bnckman,  and  Murchison  as  found  in  the  Lias  and  Purbecks  of  Eng- 
land, but  in  some  instances  where  they  are  figured  they  certainly  belong 
to  other  families  of  Nematocera.  One  doubtful  species,  called  Tipularia 
Teyleri,  has  been  recognized  by  Weyenbergh  in  the  Oolite  of  Solenhofen. 

In  the  Tertiary  beds  no  family  of  Diptera  has  attained  such  variety, 
although  the  number  of  individuals  found  has  not  been  so  large  as,  for 
instance,  in  the  BibionidsB.    It  is  also  peculiarly  rich  in  extinct  genera. 

Of  the  Tipulidse  with  short  palpi  we  have  a  large  number  recognized 
by  Loew  in  amber ^  such  are:  Bhamphidia,  4  sp.;  Elephantomyia,  3  sp.; 
Cylindrotoma,  4  sp. ;  Trichocera,  2  sp. ;  Eriocera,  2  sp. ;  and  Erioptera, 
14  sp.;  besides  the  following  extinct  genera  i)eculiar  to  amber:  Tri- 
choneura,  3  sp.;  Oalobamon,  1  sp.;  Haploneura,  4  sp.;  Gritoneura,  2 
sp.;  Tanymera,  4  sp.;  Tanysphyra,  1  sp.;  Ataracta,  8  sp.;  and  Styr- 
ingomyia,  a  genus  also  found  in  copal,  1  sp.;  in  addition  Oiebel  de- 
scribes two  species  of  Limnobia  in  amber  and  it  has  been  recognized 
by  a  dozen  other  species  at  Eadoboj,  Aix,  Oeningen,  and  on  theEhine; 
Erioptera  also  has  one  species  at  Rott  and  Trichocera  one  at  Aix ;  in 
addition  to  which  we  have,  of  genera  not  represented  in  amber,  a  Bhi- 
pidia  at  Badoboj  and  three  species  of  Dicranomyia  in  Utah ;  Utah  also 
furnishes  three  extinct  genera,  Cyttaromyia,  Spiladomyia,  and  Prono- 
phlebia,  with  one  species  each.  At  least  fifteen  or  twenty  species  of 
this  group  have  been  found  at  Florissant. 

Of  the  other  Tipulidse  Loew  found  in  amber  sixteen  species  of  Tip- 
ula,  one  of  Macrochile,  and  four  of  Dixa;  Berendt  reports  also  Adetus. 
Tipula  has  also  been  found  abundantly  in  other  places,  about  eleven 
species  having  been  described  from  Kadoboj,  Aix,  Krottensee,  Italy, 
and  Utah,  besides  having  been  mentioned  from  Sicilian  amber  and  as 
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a  larva  at  Sieblos.  iN'ephrotoDia  has  also  been  credited  to  Aix  by 
Series,  Gteuophora  described  from  Rott,  aad  Ptychoptera  from  Krotten- 
see.  This  division  has  been  found  in  still  greater  abundance  than  the 
other  at  Florissant  and  is  even  richer  in  individuals.  The  family  is  also 
recognized  by  H.  Woodward  in  the  Eocene  deposits  of  the  Isle  of  Wight 
and  Aymard  records  two  species  of  an  extinct  genus  at  Le  Puy. 

3.  Family  FsychodidsB. 

This  family  is  known  in  a  fossil  state  only  from  amber,  in  which  Loew 
has  found  eighteen  species,  a  number  which  he  thinks  may  be  reduced 
by  more  abundant  material.  Six  species  of  the  existing  genus  Psychoda 
are  recognized,  while  the  other  genera  are  all  peculiar  to  amber,  Phalae- 
nomyia  with  nine  species,  Diploneura  with  two,  and  Posthon  with  one 
species.  Psychoda  was  also  recorded  among  amber  inclusions  by  Bur- 
meister. 

4.  Family  ChironomidflB. 

One  would  scarcely  expect  the  delicate,  minute  flies  of  this  family  to 
be  preserved  from  Mesozoic  times,  yet  they  seem  to  be  not  altogether 
unknown.  Two  species  referred  to  Macropeza  are  figured,  one  by  Gei- 
nitz  from  the  Lias  of  Dobbertin  and  one  by  Brodie  from  the  English 
Purbecks ;  two  other  obscure  forms  from  the  English  Purbecks  are  fig- 
ured under  the  name  of  Ghironomus ;  and  Corethrium  pertinaa:  and 
Cecidamium  grandcBVum  of  Westwood,  from  the  same  beds,  appear  to 
belong  to  this  fiamily  rather  than  to  the  Oecidomyidse  or  Oulicidae. 
Ehyphus  priseus  Brodie,  from  the  English  Purbecks,  also  probably  be- 
longs here  and  not  to  the  Bhyphidse. 

The  family  is  very  abundant  in  amber,  Loew  having  found  seven 
species  of  Tanypus,  more  than  forty  of  Ghironomus,  and  twenty-six  of 
Geratopogon.  Giebel  also  describes  two  species  of  Ghironomus  and  one 
of  Geratopogon  from  amber,  and  these  genera  had  previously  been  rec- 
ognized as  occurring  there  by  Burmeister,  Erichson,  and  others.  Duis- 
berg  also  records  a  peculiar  genus,  Sendelia,  from  the  same.  But  the 
occurrence  of  the  family  in  a  fossil  state  is  not  confined  to  amber:  thirteen 
species  of  Ghironomus  have  been  described  from  Rott,  Oeningen,  Eado- 
boj,  and  Utah,  and  the  genus  has  been  recognized  also  in  Wyoming, 
while  numerous  pupae  distinguishable  as  belonging  to  several  species 
are  recorded  by  Heyden  from  Bott.  Geratopogon  has  also  a  species  at 
Bott,  and  it  has  been  recognized  at  Aix  and  in  Sicilian  amber.  Numerous 
specimens  of  the  family  occur  at  Florissant,  but  they  are  usually  in  very 
poor  condition ;  they  have  also  occurred  iu  the  British  GolumbiaTer- 
tiaries. 

5.  Family  Culioids. 

The  English  Purbecks  have  furnished  two  species  which  have  been 
referred  to  this  family,  one  a  very  obscure  object,  called  Tcm^us  dubius 
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by  Brodie,  but  referred  to  a  new  genus,  Asuba,  by  Giebel;  the  other, 
a  wingless  specimen,  but  with  autennse  and  legs  preserved^  called  Culex 
fosHlis  by  Brodie. 

The  only  members  of  this  family  found  by  Loew  in  amber  are  a  species 
of  Mochlonyx  and  one  of  Culex ;  Giebel  also  describes  a  species  of  Culex 
from  amber  and  species  have  been  described  from  Rott  and  from  Utah. 
Heyden  also  describes  another  species  from  Eott,  under  the  name  of 
Gulicites,  aCorethra  is  described  from  Utah,  and  one  is  mentioned  from 
Aix.  Two  or  three  species  only  of  this  family  in  single  examples  are 
found  at  Florissant  and  it  has  been  recognized  in  the  Isle  of  Wight 
Tertiaries. 

6.  Family  BibionidaB. 

Although  species  supposed  to  belong  to  this  family  have  been  re- 
ported from  Mesozoic  rocks,  it  is  doubtful  whether  it  is  yet  recogniza- 
ble before  Tertiary  times.  Frotomyia  duhia^  figured  by  Geinitz  irom  the 
Lias  of  Dobbertin,  is  certainly  not  a  Dipterou  at  all. 

In  Tertiary  times,  however,  they  are  among  the  commonest  of  Insects, 
as  far  as  individuals  go,  though  they  are  not  correspondingly  rich  in 
species,  and  in  amber  they  are  comparatively  rare,  the  genera  most 
abundant  in  the  rocks  being  almost  or  altogether  absent.  The  species 
found  by  Loew  in  amber  are  one  of  Dilophus,  two  of  Plecia,  and  three  of 
Scatopse.  Bibio  is  also  reported  from  amber  by  Gu6rin,  Serres,  and  Bur- 
meister,  but  they  probably  mistook  some  other  genera  for  Bibio  or  used 
the  term  in  the  broad  sense  of  the  family,  since  Loew  says  it  "  appears 
strangely  enough  to  be  altogether  wanting."  Of  these  genera,  Dilophus 
and  Plecia^  occur  in  the  rocks,  the  former  in  a  single  species  at  Eott  and 
indicated  only  at  Aix  (Serres),  the  latter  in  considerable  abundance, 
for  over  twenty  species  are  described  from  Oeningen,  Badoboj,  Aix,  Rett, 
Parschlug,  Corent,  Auvergne,  Krottensee,  Wyoming,  and  British  Co- 
lumbia, while  an  allied  extinct  genus,  Epiplecia  Giard,  occurs  at  Corent; 
Bibio  is  even  more  numerous,  over  forty  species  having  been  described 
from  Oeningen,  Eott,  Corent,  Aix,  Eadoboj,  Wilhelmsfund,  Krottensee, 
Tdllya,  Felek  (near  Klausenburg),  and  Monte  Bolca;  aud  Bibiopsis,'  an 
allied  extinct  genus,  has  five  species  from  Salzhausen,  Krottensee,  Aix, 
and  Eott.  Another  extinct  genus,  Protomyia,^  has  nearly  forty  species 
at  Oeningen,  Aix,  Krottensee,  Corent,  and  Eott,  while  Penthetria  has 
ibur  species  at  Eadoboj  and  Corent,  besides  being  recognized  at  Aix  and 
Krottensee.  Fully  one  thousand  specimens  of  this  family  have  been 
found  at  Florissant,  but  the  species  are  not  correspondingly  numerous, 
being  apparently  but  fifteen  or  twenty  in  number. 

*  The  species  first  referred  to  Protomyia  and  Bibiopsis  by  Heer,  who  founded  the 
genera,  are  not  included  under  these  names  in  this  enumeration,  since  Loew  consid- 
ered them  all  to  belong  to  Plecia  and  the  genera  as  without  foundation.  Those  since 
published  have  not  been  critically  examined.  Penthetria  Hmilkameena  Scudd.,  from 
fintish  Columbia,  is  a  Plecia. 
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7.  Family  Simalidse. 

The  Parbecks  of  England  famish  two  species,  Simulium  humidum 
Brod.  and  Simulidium  prisoum  Westw.,  apparently  belonging  to  this 
family. 

In  the  Tertiaries  the  genus  Simulium  has  been  recognized  in  a  species 
described  from  Rott  by  Heyden,  in  six  species  recorded  by  Loew  from 
amber,  and  in  one  foand  by  Gu6rin  in  Sicilian  amber. 

8.  Family  MycatophilidaB. 

in  the  Mesozoic  this  family  is  represented  only  in  the  English  Pur- 
becks.  Here  we  recognize  species  figured  by  Brodie  under  the  genera 
Platyura,  Macrocera,  and  Sciophila,  and  credited  by  Giebel  to  new 
geoera,  Adonia,  Sama,  and  Thimna,  respectively ;  also  a  second  Sciophila, 
which  is  very  obscure,  and  a  species  figured  by  Westwood,  which  Oiebel 
refers  to  an  extinct  genus,  Thiras. 

In  the  Tertiaries  this  family  is  one  of  the  best  represented  and  is 
abundant  in  generic  types,  though,  as  compared  to  the  TipulidsB,  few  of 
these  are  extinct.  The  greater  number  have  been  found  in  amber,  and, 
as  in  the  BibionidsB,  such  as  have  been  found  in  the  rocks  belong  gen- 
erally to  genera  distinct  from  those  occurring  in  amber.  The  following 
genera  have  been  found  in  amber  by  Loew :  Zygoneura,  I  sp. ;  Sciara, 
21  sp.;  Mycetophila,  23  sp.;  Leja,  26  sp.;  Sciophila,  15  sp.,  besides  3 
described  by  Oiebel;  Sciobia,  19  sp.;  Platyura,  16  sp.;  Macrocera, 6  sp.; 
Heterotricha,  1  sp.;  Dianepsia,  2  sp.;  Mycetobia,  5  sp.;  Adada,  2  sp., 
and  Diadocidia,  1  sp.  Boletophila  is  also  reported  in  amber  by  Bur- 
meister  and  four  of  the  genera  mentioned  above  have  been  found  in 
the  rocks,  viz :  Sciara,  of  which  twelve  species  have  been  described,  from 
Aix,  badoboj,  Oeningen,  £ott,  Krottensee,  and  British  Columbia,  be- 
sides mention  of  several  other  species  at  these  same  places;  Mycetophila, 
fifteen  species,  from  Badoboj,  Aix,  Oeningen,  and  Utah,  besides  other  un- 
named species  from  Aix  and  Auvergne;  Sciophila,  one  from  Parschlug; 
and  Diadocidia,  one  from  Oreen  River.  Of  the  genera  above  mentioned, 
four  are  peculiar  to  amber,  Sciobia,  Heterotricha,  Dianepsia,  and  Aclada ; 
and  an  extinct  genus,  Sackenia,  has  been  found  in  Utah.  Further  than 
this,  five  species  of  Gordyla  and  one  of  Boletina  are  known  from  Rott, 
two  of  Brachypeza,  one  of  Trichouta,  and  one  of  Boletina  from  British 
Columbia,  and  one  of  Onoiiste  from  Utah,  the  last  being  also  indicated 
from  Aix.  Species  of  undetermined  genera  have  also  been  reported  from 
Sicilian  amber,  Rott,  Wyoming,  and  Florissant,  in  the  last  of  which  more 
than  thirty  species  have  been  found. 

9.  Family  CeoidomyidflB. 

Our  knowledge  of  this  family  also  is  largely  due  to  amber.  In  the 
Anaretina  the  only  genus  found  by  Loew  is  Campylomyza,  of  which  he 
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records  fi  ve  species.  An  extinct  genus,  Lithomy za,  is,  however,  described 
from  Utah,  apparently  belonging  to  this  section.  Of  the  Cecidimyinoy 
Loew  found  the  extinct  genus  Mouodiciana«  with  one  species  in  amber, 
together  with  eighteen  species  of  Cecidomyia,  distributed  among  the  sub- 
genera Diplosis,  Cecidomyia,  Dirhiza,  Epidosis,  and  Synapta.  Lasioptera 
was  also  recognized  in  amber  by  Burmeister  and  has  been  described 
from  Wyoming,  while  three  species  of  Cecidomyia  have  been  described 
from  Oeningen,  Eott,  and  Aix,  and  recognized  also  in  Sicilian  amber. 

6.  Order  LEFIDOPTEBA  Linn^. 

BIBLIOGEAPHY. 
(See,  also,  pp.  82  and  36.) 

BoUduval,  J.  A.    Rapport  snr  ane  empreinte  de  L^pidopt^re  tronv^  dans  les  marnes 

des  environs  d'Aix  en  Provence.    Ann.  soc.  entom.  de  France.    Tome  IX.    PL  8. 

8vo.    Paris,  1840. 
Butler,  A.  G.    On  fossil  butterflies.    Lepid.  exot.    Part  15.    PI.  48.    4to.    London, 

1873. 
Daudetf  H.    Description  d^une  chenille  fossile  trouv^e  dans  le  calcaire  d'Aix.     Rev. 

mag.  zool.     [3.]    Tome  IV.    PI.  17.    8vo.     Paris,  1876. 
Lefebvre,  A,    Observations  relatives  h  I'empreinte  d'un  l^pidopt^re  fossile.    Ann.  soc. 

entom.  de  France.     [2.]    Tome  IX.    PL  3.    8vo.    Paris,  1851. 
Scuddery  S,  H.    Description  d'un  noaveaa  papillon  fossile  trouv^  ^  Aix  en  Provence. 

Rev.  mag.  zooL,  1871-'72.    PL  7.    8vo.     Paris,  1872. 
Fossil  butterflies.    3  plates.    4to.     Salem,  1875. 

Body  cylindrical,  elongated,  completely  triregional,  the  integument 
delicately  coriaceoas.  AntennsB  long,  filiform,  and,  excepting  sometimeB 
for  regular,  lateral,  laminate  outgrowths,  simple.  Mouth-parts  ar- 
ranged for  sucking,  the  greatly  elongated  maxillae  forming  a  hollow 
canal  by  the  union  of  their  channeled  inner  surfaces  and  capable  of  roll- 
ing up  like  a  watch  spring  between  the  appendages  of  the  labium  ;  man- 
dibles aborted.  Pronotum  insignificant,  but  distinct  from  the  compact 
thorax,  which  is  composed  subequally  of  the  other  two  joints.  Wings 
subequal;  generally  very  large,  membranous,  the  hinder  pair  sometimes 
folded  slightly  at  the  inner  edge,  covered  on  both  surfewjes  with  imbri- 
cated and  colored  scales,  often  forming  patterns  of  exquisite  beauty^ 
the  neuration  simple,  the  marginal  vein  absent,  the  scapular  and  exter- 
nomedian  united  or  approximated  in  the  middle  of  the  wing  forming  be- 
tween them  a  median  cell  and  furnishing  almost  all  the  subordinate 
branches;  cross-veins  almost  wholly  wanting;  no  reticulation.  Legs 
very  slender.  Metamorphosis  complete ;  the  appendages  of  the  pupa 
soldered  to  the  body.  Larva  eruciform.  Habits  terrestrial,  but  many 
larvae  endophytophagous,  and  the  pupae  generally  concealed  or  inclosed 
in  a  loosely-woven  cocoon. 

The  fossil  forms  of  this  order  are  so  rare  that  they  may  be  treated 
here  in  a  single  paragraph.  All  such  as  have  been  credited  to  Carbon- 
iferous deposits  have  been  shown  to  belong  to  other  groups.    The  Mes- 

(94) 


Digitized  by 


Google 


KUDD"-]  IN8ECTA:    LEPIDOPTEBA.  95 

ozoic  forms  are  exceediogly  few.  The  mines  of  TineidaB  or  allied  moths 
have  been  noticed  by  Fritsch  in  leaves  from  the  Cretaceous  of  Bohemia 
and  by  Hagen  in  some  from  the  Dakota  group  of  l^ebraska.  Tineites^ 
lithophilus  Grerm.,  from  the  Oolite  of  Eichstatt,  is,  according  to  Heer  and 
Hagen,  a  Termes.  Two  Sphingidse,  8phinx  Snelleni  and  Pseudosires; 
Darmnij  have  been  described  by  Weyenbergh  from  the  Oolite  of  Solen- 
hofen.  The  former  is  represented  by  a  very  characteristic  fossil  in 
which  the  spiral  tongne  appears ;  the  latter,  by  a  far  more  obscure  wing* 
In  the  Tei-tiaries  these  insects  are  more  common,  but  still  among  the 
greatest  rarities.  All  the  larger  groups,  however,  are  represented. 
Among  the  Microlepidoptera  the  Tineida  are  not  rare  in  amber,  Menge 
having  sixty-nine  specimens  in  his  collection,  of  which  one  was  a  cater- 
pillar and  two  were  pupae,  but  they  have  not  been  studied.  Gravenhorst 
also  mentions  a  Tinea  in  amber  and  Presl  describes  one  species.  Oermar 
figures  an  Tpsolophus  from  Bonn  and  Heyden  the  larval  mine  of  a  IJep- 
ticala  from  Eott.  Kawall  also  describes  a  Tineites  from  Bergkrystall 
at  Ufalei,  in  Siberia.  The  TortricidWj  too,  occur  in  amber,  Menge  hav- 
ing fifteen  moths,  seven  larvae,  and  four  pupae  of  several  8i)ecies.  The 
PyralidcB  are  represented  by  a  single  specimen  from  Aix,  which  Heer  de- 
scribes under  the  name  of  Pyralites.  Of  the  Fhalamidcdy  Heer  describes 
two  species  referred  to  Phalaenites  from  Eadoboj  and  mentions  one  from 
Aix,  and  Curtis  mentions  one  from  the  latter  place,  which,  however,  he 
says  may  be  a  noctuid.  Giebel  also  describes  an  Angerona  from  amber, 
on  the  wing  of  which  he  noted  two  specimens  of  a  species  of  Chelifer. 
Of  the  IfoetuidcB,  four  species,  some  of  them  exceedingly  obscure,  have 
been  described  under  the  name  Koctuites,  two  from  Eadoboj,  one  from 
Aix,  and  one  from  AuvergnCs  BonibyddcB  are  more  numerous.  Two 
species  of  Bombycites  are  figured  by  Heer  from  Oeningen,  together  with 
the  larval  sac  of  a  species  of  Psyche.  The  latter  group  has  been  recog- 
nized in  the  same  way  in  amber,  Menge  mentioning  fifteen  larval  sacs  of 
seven  different  kinds.  A  species  of  Lithosia  is  said  to  be  found  at  the 
Isle  of  Wiglit  and  Serres  refers  species  at  Aix  to  Bombyx  or  Cossus 
and  to  Zygaena.  Of  the  SphingidaSy  Bereudt  says  that  a  Sphinx  occurs 
in  amber  and  Serres  refers  to  two  species  of  Sesia  at  Aix.  The  R?u>' 
palocera  are  first  known  to  us  in  the  Tertiaries,  all  references  to  their 
earlier  appearances  having  been  shown  to  be  erroneous,  and  more  than 
a  dozen  species  are  recorded,  belonging  to  as  many  genera,  most  of  the 
latter  extinct.  Of  the  existing  genera  we  have  only  two,  a  Pontia  and 
a  Engonia  at  Eadoboj,  which  also  furnishes  a  species  of  Mylothrites. 
Aix  furnishes  the  largest  number  (5),  Pamphilites,  Thaites,  Coliates, 
Lethites,  and  iNeorinopis,  besides  a  larva  described  by  Daudet  under  the 
name  Satyrites ;  Florissant,  the  next  largest  (3),  Prodryas,  Jupiteria, 
and  Lithopsyche,  all  nearly  related,  besides  one  or  two  other  undeter- 
mined forms.  Eott  gives  us  Thanatites,  and  a  second  species  is  reported 
irom  the  same  place,  but  not  yet  described.    According  to  Gravenhorst, 
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the  larva  of  a  Ly csena  occurs  in  amber.    Finally,  Procacciiii  Bicci  states 
that  Lepidoptera  have  been  found  at  Sinigaglia.^ 

7.  Older  HTMEirOPTEAA  Linn^. 

BIBLIOGBAPHT. 

(See,  alBO  pp.  32  and  8G.) 

DuUhurgf  B.  von.    Znr  Bemstein-Faana.    Sohrift  d.  phys.-5k(m.  Gee.    Band  IX. 

Fig.    4to.    Konigsberg,  1868. 
HetTy  0.    Ueber  fossile  Ameisea.    Mitth.  d.  natarf.  Gtes.    Band  I.    8yo.    Zfirich, 

1848. 
Fossile  Hymenopteren  aas  Oeningen  and  Badoboj.   Neue  Denksohr.  d.  achweiz. 

natnrf.  Ges.    Band  XXII.    Taf.  1-3.    4to.    Zflrich,  1867. 
MalfatHt  G,    Dne  piccoli  Imenotteri  fossile  deir  ambra  siciliana.    Atti  Acoad.  Line. 

[3.]    Trans.    Tom.  V.    4to.    Roma,  1881. 
Afayr,  Q.  L,    Vorlautige  Stadien  fiber  die  RadoboJ-Formiciden.    Jahrb.    d.    geoL 

Reicbsanst.    Band  XVII.    Taf.  1.    8vo.     Wien,  1867. 
Die  Ameisen  des  baltischen  Bemsteins.    4to.    Konigsberg,  1668. 

Body  completely  triregional,  subcylindrical,  the  abdomen  sometimes 
depressed  or  compressed,  both  head  and  abdomen  generally  connected 
with  the  thorax  by  a  constricted  neck,  the  integument  subcorneous. 
Antennae  simple,  filiform.  Ocelli  generally  present.  Mouth -parts  ar- 
ranged for  lapping,  in  which  the  highly-developed  and  greatly-elon- 
gated labium  audits  appendages  perform  the  principal  part,  ensheathed 
loosely  by  the  maxillae ;  the  mandibles  are  also  well  developed,  but 
principally  as  weapons  or  tools  in  the  economy  of  the  insect.  Pronotum 
small,  but  generally  fused  with  the  rest  of  the  very  compact  thorax,  in 
which  the  mesothorax  largely  predominates.  Wings  membranous, 
slender,  the  front  wings  much  larger  than  the  hind  pair  and  sometimes 
folded  once  longitudinally ;  both  with  few  and  rather  distant  veins,  which 

*  Since  this  was  written  Dr.  Oppenheim,  of  Berlin,  has  published  an  important 
paper  dealing  mostly  with  Mesozoio  Lepidoptera  (Die  Ahnen  nnserer  Schmett^rlinge 
in  der  Sekundar-  and  Tertiarperiode.  Berl.  entom.  Zeitscbr.  Band  XXIX.  PI.  10-12. 
1885).  Eight  species  are  described  and  figured.  Two  of  them,  from  the  Brown  Jora 
of  Siberia,  belong  to  one  type  and  are  considered  as  nearly  related  to  Cossqs  and 
PhragmatoBoia.  The  nenration,  as  figured  separately  on  the  plate,  appears,  however, 
to  differ  in  important  particulars  from  the  excellent  figures  of  the  original  fossils  given 
beside  them.  They  are  named  Palcsocossus  jurassicu^  and  Phragmatcecites  Dameni,  The 
others  all  come  from  the  White  Jura  of  Solenhofen  and  include  not  only  such  as  had 
before  been  referred  to  Sphinx,  but  also  Beloatomum  elongatumj  which,  following  Ajs»- 
mann,  has  in  this  essay  been  placed  under  Hymenoptera ;  they  form  a  very  distinct 
type,  which,  in  all  respects  but  the  nenration  of  the  wings,  reminds  one  strongly  of 
the  Sphingidffi.  This  exception  is,  however,  a  marked  one  and  forbids  their  being 
looked  on  as  Lepidoptera  in  a  strict  sense.  Dr.  Oppenheim  has  therefore  considered 
them  as  forming  a  distinct  order,  giving  them  the  name  of  Rhipidorh&bdi.  They  are 
referred  to  the  genera  Rhipidorhabdus  and  Fabellovena,  with  three  species  each.  It 
remains  to  be  seen  how  close  the  relationship  may  prove  to  be  between  these  Rhipi- 
dorhabdi  and  the  Jurassic  species  from  Siberia.  It  looks  as  though  it  were  closer 
than  Dr.  Oppenheim  indicates. 
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often  do  not  reach  the  outer  margin  of  the  wing  and  beyond  the  mid- 
dle are  nsnally  connected  by  cross- veins  to  form  rather  large  polygonal 
cells;  sometimes  nearly  all  the  veins  are  aborted;  no  reticalation. 
Legs  very  slender.  Abdomen  frequently  furnished  with  an  exserted, 
needle-like,  complex  sting  or  ovipositor.  Metamorphosis  complete,  the 
appendages  of  the  pupa  free.  Larva- of  two  types,  cruciform  and  ver- 
miformy  corresponding  to  structural  distinctions  in  the  imago.  Habits 
terrestrial,  but  many  of  the  larvse  inhabit  galls  or  are  parasitic  in  the 
larvffi  of  other  insects,  and  the  pupse  are  generally  inclosed  in  a  dense 
silken  cocoon.  The  order  comprises  the  most  highly  organized  and 
complex  social  communities  among  insects. 

The  number  of  Hymenoptera  which  have  been  found  in  Pretertiary 
deposits  is  so  small  that  it  will  be  best  to  consider  them  in  a  single  para- 
graph. £ight  or  ten  species  only  are  known,  most  of  which  have  been 
described  from  Solenhofen  and  are  generally  very  obscure  objects,  of 
which  littie  more  can  be  said  than  that  they  are  probably  Hymenoptera. 
Sach  are  two  species  of  Apiaria  described  by  Germar  and  by  Wey- 
enbergh,  though  Assmann  considers  Apiaria  antiqua  to  be  a  Sii-ex 
and  Apiaria  lapidea  the  same  as  Gtormar's  Carabicina  decipiens.  Two 
others  are  looked  upon  by  Assmann  as  Uroceridse,  namely,  Belostomum 
dongc^um^  and  Sphinx  Schroeteri  of  Germar.  Bambus  conaervatus  Wey- 
eub.  presents  no  tangible  characters,  and  it  is  impossible  to  say  whether 
his  AnamaUm  palwan  is  a  Hymenopteron  or  not.  The  other  Mesozoic 
species  are  in  better  state  of  preservation  and,  excepting  the  eggs  of  a 
Nematus  (one  of  the  Tenthredinidad)  figured  by  Fritsch  from  the  Cre- 
taceous of  Bohemia,  are  all  Formicidae.  One  of  the  oldest  Hymenop- 
tera known  comes  from  the  Lias  of  Switzerland  and  was  figured  by 
Heer  under  the  name  of  PaUBomyrmex  prodromua;  the  other  two  are 
from  the  English  Purbecks  and  were  figured  by  Westwood  under  the 
name  of  Formieium  Brodiei  and  Myrmicium  Heeri. 

1.  Tribe  Terebsantia  Latreille. 
1.  Family  TenthredinidflB. 

This  fie^mily  has  been  found  in  only  one  or  two  localities  in  Tertiary 
deposits  and  is  very  rare  in  amber,  single  specimens  of  a  winged  Gephus 
and  Emphytus  and  of  larval  Gimbex,  Lyda,  and  Lophyrus  having  been 
reported  by  Menge.'  Gravenhorst  and  Schlotheim  also  state  that  Ten- 
thredo  is  found  in  amber.  Curtis  reports  the  latter  genus  also  from 
Aix,  as  does  Serres,  together  with  species  of  Pteromus  and  Cryptus. 
Besides  this,  Heer  describes  two  species  of  Gephites  from  Oeningen  and 
two  of  Tenthredo  from  Oeningen  and  Aix.  On  the  other  hand,  consid- 
erable numbers  have  been  found  at  Florissant,  some  seventy  specimens 
having  occurred,  of  at  least  twenty  species. 

^  See  note  on  p.  96. 
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2.  Family  UrooeridflB. 

The  only  Tertiary  fossils  of  this  family  known  are  a  specieB  of  an  ex- 
tinct gennsy  Urocerites,  described  by  Heer  from  Badoboj,  and  an  nnde- 
scribed  species  from  Florissant.  (For  probable  Mesozoio  forms,  see  the 
preceding  page.) 

3.  Family  Cynipidn. 

Gravenhorst  states  that  Diplolepis  occurs  in  amber,  from  which  dei>06it 
Presl  describes  a  species  of  Gynips.  Menge  also  states  that  the  family 
is  fonnd  in  amber,  but  in  scanty  numbers.  Heyden  refers  doubtfully 
to  Gynips  or  Pteromalus  some  mines  in  leaves  of  Juglans  from  Salz- 
hausen.  The  family  is  very  abundant  at  Florissant,  and  two  or  three 
galls  have  been  obtained  there. 

4.  Family  PteromalidflB. 

This  flandly  is  much  more  abundant  in  amber  than  the  preceding, 
Menge  mentioning  forty-eight  specimens  in  his  collection.  It  occurs  also 
at  Florissant,  and  Heer  refers  under  the  name  Pteromalinitea  to  & 
species  at  Oeningen.    None  whatever  have  been  described. 

5.  Family  Ghaloididsa. 

Of  this  family  Heer  describes  a  species  of  Ghalcites  from  Aix  and 
Scudder  one  of  Decatoma  from  Wyoming.  Ghalcididsd  occur  at  Floris- 
sant in  some  abundance,  at  least  four  or  five  species  and  twenty  speci- 
mens having  been  obtained. 

6.  Family  ProctrotrapidsB. 

This  family  of  minutest  insects  is  known  only  from  amber.  Burmeis- 
ter  and  Gravenhorst  report  Geraphron  and  Psilus  as  occurring  in  the 
Prussian  amber,  and  Myrmar,  that  mere  speck,  is  figured  by  Duisburg 
from  Prussian  and  by  Malfatti  from  {Sicilian  amber. 

7.  Family  BraconidflB. 

Two  species  of  Bracon  have  been  described  from  Sieblos  and  Wyo- 
ming, and  an  extinct  genus,  Galyptites,  from  British  Golumbia.  Bracon 
is  also  said  to  occur  at  Aix  and  in  British  Golumbia,  as  well  as  in  Prus- 
sian and  Sicilian  amber.  Gravenhorst  says  that  Ghelonus  also  occurs  in 
amber  and  Serres  credits  a  species  of  Agathis  to  Aix.  Many  specimens 
of  this  family  have  been  found  at  Florissant. 

8.  Family  IchneumonidflB. 

This  family  is  well  represented  in  Tertiary  deposits,  though  Ho  great 
number  have  yet  been  described.    Most  of  these  have  been  published 
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under  the  generic  names  Pimpla  and  Ichneamon,  the  former  being  repre- 
sented by  seven  species,  from  Aix,  Eadoboj,  amber,  and  British  Columbia, 
and  the  latter  by  four,  from  Aix,  Oeningen,  Eadoboj,  and  Utah,  besides 
which  there  are  references  to  others  in  amber  and  at  Aix«  Heer,  also, 
under  the  generic  name  Ichneumonites,  describes  one  species  each  from 
Oeningen  and  Eadoboj,  suggesting  that  the  one  from  the  latter  place 
may  be  a  Tros^us.  From  Radoboj  come  also  single  species  of  Acoenites 
and  Hemiteles,  and  from  Oeningen,  of  Anomalon  and  Oryptus,  both  of 
which  are  also  reported  from  Aix  and  the  latter  from  amber.  Ophion  is 
stated  to  occur  at  Aix,  and  that  or  Campoplex  in  the  Quaternary  of 
Pianico  in  Italy.  At  Florissant  this  family  is  remarkably  well  repre- 
sented,^ hundreds  of  specimens  occurring,  with  a  remarkable  variety  of 
8[)6cies  and  genera. 

9.  Family  EvaniidaB. 

Burmeister  recognized  Evania  among  amber  insects. 

2.  Tribe  Aouleata  Latreille. 

1.  Family  FormioidaB. 

That  this  family  was  an  ancient  one  and  represented  to  some  extent 
iu  Mesozoic  times  may  be  seen  above  (p.  97).  No  other  family,  not  only 
of  Hyofienoptera  but  even  of  any  Hexapoda,  was  so  abundant  in  Ter- 
tiary times,  whether  in  species  or  in -individuals.  At  Florissant  they 
comprise,  in  individuals,  about  one-fourth  of  all  the  insects,  and  more 
than  four  thousand  specimens  have  already  been  brought  from  that  lo- 
cality. Mayr  has  carefully  studied  nearly  fifteen  hundn^d  specimens 
from  amber,  in  which  he  has  detected  forty-nine  species  of  twenty- three 
genera.  More  than  one  hundred  and  seventy  species  have  been  de- 
scribed from  different  localities,  but  by  far  the  largest  number  from 
amber  and  Badoboj,  and  thirty-four  or  more  genera  are  recognized 
Of  these  the  largest  .number  of  species  belong  to  the  Formicidce  proper 
of  genera,  to  the  Myrmundce. 

Of  the  latter  subfamily  Mayr  finds  three  extinct  genera  in  amber, 
namely,  Stigmomyrmex  with  two  species  and  Enneamerus  and  Lampro 
myrmex  with  one  each.  Heer  describes  four  Eadoboj  species  under  the 
new  generic  name  Attopsis,  which  Mayr  finds  is  .the  same  as  the  exist 
ing  but  later  founded  genus  Cataulacus.  Heer  also  describes  a  frag 
ment  from  Spitzbergen  under  the  generic  name  Myrmicium.  Mayr  de 
scribes  a  species  of  Lonchomyrmex  from  Eadoboj,  which  Assmann  finds 
also  at  Schossnitz.  Besides  these  the  Prussian  amber  has  furnished  the 
genera  Apheenogaster,  2  sp. ;  Macromischa,  4  sp. ;  Myrmica,  2;  Lepto- 
thorax,  1  sp. ;  Monomorium,  1 ;  Pheidologeton,  1,  and  Sima,  3  sp.  Of  these 
Aphsenogaster  possesses  four  other  species  from  Oeningen,  Eadoboj,  and 
British  Columbia ;  Myrmica,  no  less  than  twelve  other  described  8iK'cies 
from  Oeningen,  Eadoboj,  Parschlng,  and  Krottensee,  and  is  recorded 
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from  the  Isle  of  Wight;  Leptothorax  has  another  species  at  Badoboj; 
aud  PheidologetoQ  has  two  others,  from  Schossnitz  and  Krottensee.  A 
species  of  Grematogaster  also  Occurs  at  Radoboj,  with  one  of  Pheidole 
and  one  referred  doabtfully  to  Solenopsis,  while  Gu^rin  figures  two  spe- 
cies of  ants  in  Sicilian  amber,  which  Erichson  refers  to  Pseudomyrme. 

Of  the  PoneridcB  we  have  twenty-seven  species,  belonging  to  seven 
genera,  of  which  the  greater  part  are  accounted  extinct,  viz :  Bradopo- 
iiera  and  Prionomyrmex  from  amber,  with  one  species  each ;  ImhofSa, 
with  two  species  from  Oeningen ;  and  Poueropsis,  with  a  dozen  species 
from  Radoboj  and  Oeningen.  Besides  these,  amber  has  furnished,  ac- 
cording to  Mayr,  Pouera  with  two  species  and  Ectatomma  with  one, 
while  F.  Smith  refers  one*  he  has  seen  to  Anomma.  Ponera  is  also 
represented  in  the  rocks,  having  seven  species  in  the  deposits  of  Rado- 
boj, Oeningen,  and  Parschlug. 

Over  one  hundred  species  of  Formicidas  proper  are  described,  but  only 
two  of  the  genera  are  accounted  extinct,  Gesomyrmex  and  Rhopalomyr- 
mex,  each  with  one  species  from  Prussian  amber.  This  deposit  has  also 
furnished  Gamponotus,  3  sp.;  CEcophylla,  1  sp.;  Prenolepis,  2  sp.;  Plagi- 
olepis,  5  sp. ;  Lasius4,  sp. ;  Formica,  13  sp.  (only  1,  however,  recognized  by 
Mayr);  and  Hypoclinea,  8  sp.;  besides,  according  to  F.  .Smith,  a  Poly- 
rhacliis;  while  Malfatti  figures  a  Tapinoma  from  Sicilian  amber.  Of  these 
genera,  Gamponotus  has  six  other  species  or  varieties,  found  at  Radoboj, 
Oeningen,  and  in  Utah,  and  has,  besides,  been  recognized  in  the  Isle  of 
Wight  Eocene;  (Ecophylla  has  another  species,  occurring  both  at  Rado- 
boj and  iJ^utschlLn;  Lasius,  eleven  species,  at  Radoboj,  Schossnitz,  and 
Wyoming;  Hypoclinea, five  others,  from  Radoboj,  Kutschlin,  and  British 
Golumbia;  while  Formica  possesses  no  less  than  thirty-four  species 
from  various  parts  of  the  continent  of  Europe,  but  mostly  from  Rado- 
boj and  i.  eningen,  and  one  from  British  Golumbia.  Besides  this,  the 
genus  has  been  recogr.ized  in  Sicilian  amber  and  at  the  Isle  of  Wight 
Finally,  four  species  of  Liometopum  are  known  from  Radoboj  and  Utah. 

2.  Family  ChrysididaB. 

Giebel  describes  a  species  of  Ghrysis  from  amber,  and  at  least  one 
species,  with  the  metallic-green  reflections  of  the  abdomen  still  remain- 
ing, occurs  at  Florissant.  A  species  of  Gleptes  is  mentioned  by  Beck 
as  occurring  in  the  Pleistocene  deposits  of  Jutland. 

3.  Family  MntillidaB. 

Menge  found  half  a  dozen  specimens  of  this  group  in  amber,  previ- 
ously reported  to  occur  therein  by  Brongniait. 

4.  Family  ScoliadflB. 

Heer  describes  a  Scolia  from  Oeningen  and  the  family  occurs  at 
Florissant, 
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6.  Family  PompilidsB. 

Oeningen  fnmisbes  a  species  of  Pompilus ;  Pepsis  occurs,  according 
to  Bonneister,  in  amber;  and  the  group  is  represented  among  the  Flor- 
issant species. 

6.  Family  Sphegida. 

Heer  describes  a  Sphex  from  Eadoboj  and  two  species  of  Ammophila 
from  Oeningen.  Tbe  latter  genas  is  found  at  Florissant  with  other 
genera.  In  amber  Menge  found  the  family  abundant,  reporting  sixty- 
nine  species  of  Crabronidas  and  twenty-two  of  other  Sphegidae,  but  no 
genera  are  mentioned  by  him. 

7.  Family  VaspidsB. 

Three  species  of  Yespa  are  known  from  Badoboj,  Parschlug,  Moudon, 
and  amber,  and  the  genus  is  also  reported  from  Aix.  Polistesj  of  which 
one  species  is  named  from  Oeningen,  is  also  reported  by  Serres  at  Aix, 
by  LatreiUe  at  Ohaumerac,  and  by  Scudder  at  Florissant,  at  which  last 
place  several  other  genera  and  a  considerable  number  of  species  occur. 
Only  three  specimens  of  this  family  are  reported  in  amber  by  Menge. 

8.  Family  Apidas. 

This  family  was  tolerably  abundant  in  Tertiary  times,  to  judge  by  the 
comparatively  large  number  of  fossil  species  known.  Of  the  AndrasnideB 
mention  is  made  only  of  their  occurrence,  rarely,  in  amber  by  Menge, 
who  fonnd  two  specimens  of  a  genus  allied  to  Dasypoda,  and  at  Floris- 
sant, but  the  Apidce  proper  are  more  numerous.  From  Oeningen  and 
Badoboj,  Heer  describes  five  species  of  Anthophorites,  and  anotber 
comes  from  Oorent,  besides  a  species  of  Anthophora  from  Eott  and  one 
indicated  from  amber ;  seven  species  of  Bombns,  from  Oeningen,  amber, 
Badoboj,  Bott,  and  Krottensee,  besides  one  amber  species  referred  by 
31  otschulsky  to  Bombusoides ;  two  each  of  Apis  and  Osmia,  from  Oen- 
ingen and  Bott,  besides  an  Apis  from  amber  and  an  Osmia  from  Ors- 
berg;  finally  a  Xylocopa  described  from  Oeningen  and  a  Trigona  said 
by  Burineister  to  occur  in  amber.  A  number  of  species  of  this  family, 
mostly  represented  by  single  individuals  and  generally  not  very  well 
preserved,  occur  at  Florissant. 
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Marcel  de  Serres's  GSognosie  des  terrains  tertiaires  may  be  looked 
npon  as  the  first  general  work  on  fossil  insects.  His  fourth  book, 
which  treats  wholly  of  insects,  closes  with  a  tableau  g^n^ral  wherein 
one  hundred  and  two  genera  of  insects  are  enumerated,  with  two  hun- 
dred and  nineteen  species.  This  work  included  the  first  general  notice 
of  the  insects  of  Aix  (nearly  eighty  genera  being  mentioned),  which, 
had  it  not  been  published  separately  in  advance,  would  have  appeared, 
curiously  enough,  at  the  same  time  as  Gurtis's  independent  account  of 
the  insects  of  the  same  deposit  (in  which  forty-seven  species  are  enum- 
erated). That  year,  1829,  may  therefore  well  count  as  the  starting  point 
of  our  definite  knowledge  of  fossil  insects.  In  the  following  year  ap- 
peared Berendt's  first  notice  of  the  amber  insects  of  his  collection; 
but  these  were  not  carefully  worked  out,  and  then  but  partially,  until 
twenty-five  years  later,  previous  to  which  epoch  a  marked  increase  in 
our  knowledge  and  a  widening  of  our  horizon  had  been  brought  about 
by  the  publications  of  Oermar  and  Goldenberg  on  the  insects  of  the 
Ooal  Measures^  of  Brodie,  Westwood,  and  Germar  on  those  of  the  sec- 
ondary rocks ;  and  especially  those  of  Heer  (not  to  mention  Heyden, 
Gharpentier,  and  Unger)  on  the  insects  of  Tertiary  deposits.  Since 
then  contributions  have  been  continually  made,  extending  the  field  and 
introducing  new  elements  of  discussion,  prominent  among  which  may  be 
mentioned  the  discoveries  of  Eugereon,  Protophasma,  and  PalsBoblattina 
in  Europe  arid  a  vast  store  of  Garboniferous  and  Tertiary  insects  in 
America. 

About  1856  the  number  of  fossil  species  was  estimated  by  Bronn  as 
a  little  more  than  1,800  (7  Paleozoic,  126  Mesqzoic,  1,682  Tertiary)  and 
by  Giebel  as  nearly  2,000  (21  Paleozoic,  231  Mesozioc,  1,744  Tertiary). 
At  present  it  is  probable  that  2,600  species  have  been  actually  described 
or  at  least  fully  named  (of  which  155  are  credited  to  the  Paleozoic,  475 
to  the  Mesozoic,  and  1,972  to  the  Tertiary),  a  number  which  would  be 
very  largely  increased,  especially  in  the  Tertiary  insects,  were  we  to  in- 
clude in  our  enumeration,  as  was  done  by  Bronn  and  Giebel,  those  which 
had  received  generic  indications  only.    The  immediate  future  is  likely 
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to  bring  the  largest  contributions  to  oar  knowledge  from  the  Goal 
Measores  of  Gommentry  in  France  and  the  Tertiary  tufa  deposits  of 
Florissant  in  America;  although,  since  our  knowledge  of  fossil  insects 
is  almost  exclusively  derived  from  Europe  and  North  America,  we  can- 
not yet  tell  what  to  expect  from  other  parts  of  the  world. 

The  oldest  known  insect  is  PalcBoblattina  Douvilleij  recently  described 
by  Brongniart  from  the  Middle  Silurian  of  France  and  of  undetermined 
affinities.  It  is  older  even  than  the  earliest  knowa  arachnids  (Upper 
Silurian)  or  myriapods  (Lower  Devonian)  and  is  followed  at  a  consider- 
able distance  by  the  oldest  insects  of  America  (Upper  Devonian).  It 
is,  however,  only  ^hen  we  reach  the  productive  Goal  Measures  that  we 
arrive  at  insect  faunas  of  considerable  extent,  such  as  those  especially 
of  Gommentry  in  France  and  of  Mazon  Greek  in  Illinois.  Other  consider- 
able deposits  arS  found  in  the  coal-fields  of  the  Saarbruck  and  Wettin 
basins  of  Germany,  the  Belgian  and  British  coal-fields,  and  in  America 
the  coal-basins  of  Nova  Scotia  arud  Pennsylvania.  The  Permian  offers 
comparatively  few  species,  but  some  of  these  are  of  particular  interest 
(e.  g.,  Eugereon),  and  the  Trias  is  almost  wanting:  iu  fossil  insects,  ex- 
cept in  the  South  Park  of  Golorado,  where  about  twenty  species  have 
recently  been  obtained,  affording  transitional  forms  among  the  cock- 
roaches. Later  Mesozoic  deposits  have  yielded  nothing  in  America,  but 
much  in.  England,  where  nearly  all  the  strata  from  the  Lower  Lias  to 
the  Wealden  have  been  productive.  On  the  continent  of  Europe  pro- 
hfic  Liassic  deposits  have  been  discovered  at  Dobbertin  in  Germany 
and  Schambelen  in  Switzerland,  while  the  oolitic  beds  of  Solenhofen  in 
Bavaria  are  world-renowned.  Scanty  returns  have  come  from  the 
Cretaceous,  but  the  early  Tertiaries  have  yielded  an  abundant  harvest 
in  the  amber  deposits  ot  the  Baltic  shore,  the  marls  of  Aix,  and  in 
America  at  Florissant  and  Green  River,  while  the  Middle  Tertiaries 
of  Oeningen,  Badoboj,  Parschlug,  Auvergne,  and  the  Rhenish  brown 
coal  have  been  scarcely  less  prolific. 

The  relation  between  the  Garboniferous  insect  faunas  of  Europe  and 
North  America  (those  of  other  continents  are  absolutely  unknown)  is  by 
no  means  so  close  as  in  the  case  either*of  the  arachnids  or  of  the  myria- 
pods. While,  for  instance,  the  bulk  of  the  fauna  was  in  each  hemi- 
sphere made  up  of  cockroaches,  one  entire  division  of  these  (Mylacridse), 
with  five  genera,  was  restricted  to  America  and  of  the  eight  genera  of 
the  other  division  (Blattinarife)  only  one-half  (comprising,  however,  the 
most  prolific  genera)  were  common  to  both  hemispheres ;  no  identical 
species  occur.  In  the  other  Paleozoic  groups  the  difference  is  even  more 
striking,  the  genera  being  rarely  common  to  the  two  countries  and 
whole  series  of  forms  being  developed  in  one  region  which  are  completely 
wanting  in  the  other,  where  they  are  replaced  by  an  entirely  different 
set.  How  far  this  statement  of  facts,  based  on  present  knowledge,  may 
be  modified  when  the  insects  of  Gommentry  come  to  be  known,  it  is,  of 
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coarse,  impossible  dow  to  say,  bat  Mr.  Brongniart^  inibrms  me  that 
very  few  American  types  have  been  found  there.  Nevertheless  owe  is 
strnck  by  the  common  occarrence  in  the  two  hemispheres  of  sach  strik- 
ing forms  as  Titanophasma  and  Megathentomum,  and  nearly  all  the 
families  occar  on  both  continents. 

Oar  knowledge  of  Paleozoic  insects  dates  back  only  a  half  centary  to 
the  time  (1833)  when  the  wing  of  Lithosidlis  Bronffniartiy  irom  Coal- 
brockdale  in  England,  was  sabmitted  to  Aadouin  and  reported  apK>n  by 
him  to  the  French  Academy  of  Sciences  and  elsewhere.  He  considered 
it  a  neuropterous  insect  allied  especially  to  Gorydalis  and  Mantispa. 
This  and  others  closely  allied  to  it  have  been  varioujsly  interpreted  by 
subsequent  writers  as  neuropterous  or  orthopterous,  and  indeed,  up  to 
the  commencement  of  Goldenberg's  discoveries  in  the  Saarbriick  basin, 
hardly  a  score  of  Paleozoic  insects  being  known,  there  were  not  suffi 
cient  grounds  whereon  to  base  an  opinion  concerning  these  ancient 
wings.  Flis  explorations  and  those  following  in  their  train  have  within 
the  last  ten  years  completely  changed  the  aspect  of  the  Paleozoic  field 
and  enabled  uk  to  obtain  a  more  accurate  picture  of  early  insect  life. 
This  is  mainly  ilue,  besides  the  mere  abundance  of  material,  to  the  dis 
covery  of  two  in.^^ects,  Eugereon  and  Protophasma»  The  former,  studied 
by  Dohru,  posse^8ed  four  similar,  large,  membranous,  reticulated  wings, 
like  those  heretofore  classed  as  neuropterous,  with  prolonged  month- 
parts,  forming  a  rostrum  similar  to  that  now  found  in  Hemiptera.  The 
latter,  stndie<l  by  Bronguiart,  possessed  wings  which  had  up  to  that 
time  been  unhesitatingly  described  as  neuropterous,  attached  to  a  body 
which  was  plainly  that  of  a  phasraid,  one  of  the  most  peculiar  tribes  of 
Orthoptera.  These  generalized  types  have  given  a  clew  to  the  study  of 
Paleozoic  insects  and  have  first  rendered  possible  the  discovery  that 
there  existed  among  these  ancient  forms  no  ordinal  distinctions,  such  as 
obtain  to  day,  but  that  they  formed  a  single  homogeneous  group  of  gen- 
eralized hexapods,  which  should  be  separated  from  later  types  more  by 
the  lack  of  those  special  characteristics  which  are  the  property  of  ex- 
isting orders  than  by  any  definite  peculiarities  of  its  own.  Yet  among 
the  Paleozoic  forms  which  by  special  characteristics  can  be  claimed  as 
the  immediate  progenitors  of  some  existing  families  of  insects,  we  find 
ux)on  sufQcient  examination  some  fundamental  structural  features  sepa- 
rating them  as  a  whole  from  those  of  later  times,  separating  them  in- 
deed more  widely  from  them  than  from  their  nearest  contemporaries. 
In  one  group,  the  cockroaches,  where  superficial  observers  claimed  a 
very  close  agreement  between  ancient  and  modern  types,  it  has  been 

^  Mr.  Brongniart  ba8  kiudly  sent  me  in  maDURcript  an  outline  of  hib  classification  of 
Paleozoic  insects,  largely  based  on  those  fonnd  at  Comment ry,  read  at  the  Sorbonne 
in  April,  1885 ;  bat  as  it  consists  of  names  only,  and  most  of  these  are  new,  it  is  impos- 
sible to  make  use  of  it  on  this  occasion  excepting  in  the  most  general  way.  He  recog- 
nizes five  orders,  fifteen  families,  and  fifty-four  genera,  exclusive  of  the  cockroaches. 
Thirty-eight  of  these  genera  and  at  least  fifty -nine  species  are  found  at  Commentry. 
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shown  that  their  front  wings  alone  differ  in  at  least  three  important 
particnlars  from  those  of  later  times,  and  the  passage  between  the  an- 
cient and  modem  types  has  been  traced  in  the  Triassic  cockroaches  of 
Colorado. 

Every  one  of  the  existing  orders  of  insects,  however,  is  found  in  the 
middle  of  the  Mesozoic  period,  and  most  of  them  in  the  early  Mesozoic, 
fall-fledged  one  might  say,  with  a  considerable  development  into  exist- 
ing families ;  and  it  is  therefore  presumable  that,  were  the  insects  in 
general  of  Triassic  times  only  as  well  known  as  are  the  cockroaches, 
we  shonld  be  able  to  trace  the  differentiation  of  the  ancient  Palseodicty- 
optera  into  the  existing  orders  of  insects. 

At  present  this  is  not  possible,  excepting  by  rather  large  presumption 
and  on  certain  lines.  Thus  we  can  see  that  the  modern  cockroaches 
descended  from  the  ancient,  and  it  is  highly  probable  that  the  Mantides 
were  an  offshoot  from  the  same  branch,  possessing  the  same  characteris- 
tic impression  of  the  principal  anal  vein  of  the  front  wing.  The  ancient 
walking-sticks  were  evidently  the  precursors  of  the  present  Phasmida, 
although  the  wings  and  especially  the  front  pair  have  little  in  common. 
It  would  seem  not  improbable  that  the  saltatorial  Orthoptera  also  origi- 
nated from  the  Protophasmida.  There  can  hardly  be  a  doubt  that  the 
PalephemeridflB  w^re  the  precursors  of  the  existing  May-flies,  the  Hem- 
eristiua  were  probably  followed  by  the  Sialina,  and  Fulgorina  and 
Pbthanocoris  seem  to  have  foreshadowed  the  Homoptera  and  Heterop- 
tera  respectively ;  but  to  what  Eugereon  led  or  the  four  families  of 
neuropteroid  Palseodictyoptera,  called  by  me  Homothetidje,  Palaeopter- 
ina,  Xenonenrid»,  and  Gerarina,  it  is  far  more  difficult  to  say.  They 
appear  to  have  about  equal  relations  to  the  Perlina  and  Termitina 
among  the  Pseudoneuroptera  and  to  the  Sialina,  Hemerobina,  Panor- 
pidaB,  and  Phryganid»  among  the  Neuroptera  proper,  while  at  the  same 
time  they  are  more  nearly  related  to  each  other  than  are  Fulgorina  and 
Pbthanocoris,  indicating  thus  a  greater  antiquity  for  the  separation  on 
the  one  hand  of  the  Homoptera  and  Heteroptera,  and  on  the  other  of 
the  Nenropteraas  a  whole  and  the  Orthoptera,  thanfor  that  of  the  Neu- 
Foptera  vera  and  the  Pseudoneuroptera,  and  rendering  the  separation 
of  the  last  twoas  distinct  orders  unjustifiable  on  paleontological  grounds, 
at  least  as  long  as  all  the  Hemiptera  are  classed  in  one  ordinal  group. 
By  thus  tracing  the  probable  genetic  relation  of  Paleozoic  to  later  types, 
we  are  able  to  distinguish  among  the  former  the  outlines,  or  premoni- 
tions, as  it  were,  of  certain  structural  features,  which  afterward  became 
fixed  as  peculiarities  of  one  or  another  order,  and  in  this  way  select 
trom  the  more  ancient  forms  such  as  may  be  distinguished  as  orthop- 
teroid,  neuropteroid,  &c. 

We  have  thus  accounted  for  nearly  all  the  principal  existing  groups 
of  the  lower  hexapods,  or  Heterometabola,  and  we  note,  in  passing, 
that  as  a  general  rule  one  common  change  has  taken  place  in  their  wing 
structure  in  the  passage  from  Paleozoic  to  later  times.    In  all  known 
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Paleozoic  insects,  excepting  only  Phthanocoris,  the  front  wings  are 
eqaally  membranous  and  diaphanons  with  the  hind  wings  and  of  mach 
the  same  general  size,  while  in  most  of  their  later  descendants  in  the 
groups  specified  the  front  wings  are  generally  smaller  than  the  hind 
wings  and  have  a  more  or  less  definitely  coriaceous  structure  or  have 
the  veins  much  thicker  and  more  approximated  than  in  the  hind  wings. 

In  this  survey,  however,  we  have  made  no  mention  of  the  Ooleoptera 
or  of  the  Metabola.  As  to  the  latter,  we  note  that  the  front  wings  are 
invariably  diaphanous  like  the  hind  wings  (when  these  exist),  and  that 
the  veins  of  the  front  pair  are  neither  abundant  nor  noticeably  stout. 
In  short  they  retain  the  characteristics  of  the  front  wings  of  Paleozoic 
insects  more  than  do  any  of  the  Heterometabola,  unless  we  except,  iu 
certain  points,  the  l^europtera,  many  of  which  are  equally  or  even  bet- 
ter comparable.  It  seems  therefore  highly  probable  that  the  Metabola 
and  the  Neuroptera  sprang  together  from  the  allied  families  of  Palsd- 
odictyoptera  whose  obscure  common  relation  to  the  Pseudoneuroptera 
and  Neuroptera  proper  has  been  referred  to  above. 

When  we  come  to  the  Coleoptera  the  case  is  different.  Kone  have 
been  found  in  Paleozoic  rocks,^  though  they  occur  with  fully  developed 
characteristic  elytra  in  the  very  earliest  Mesozoic  deposits,  as  the  Ehae- 
tic  and  even  the  Tria«.  Nor  do  we  find  anything  in  the  least  degree 
allied  to  the  elytral  structure  among  any  of  the  Paleozoic  insect  types. 
But  we  do  find  traces  of  borings  in  wood  similar  to  those  made  by  Cole- 
optera to-day,  and  it  is  not  unreasonable  to  suppose  that  all  the  Pale- 
ozoic ancestors  of  Coleoptera  were  wood-borers  throughout  life  (a  habit 
to  which  the  ample  Carboniferous  forests  would  certainly  have  afforded 
full  play),  and  that  their  absence  from  the  rockn  is  due  to  this  secretive 
habit.  Certainly  the  gradual  assumption  of  elytra  for  membranous 
front  wings  would  be  particularly  favorable  to  a  creature  living  in  hard- 
walled  burrows,  where  membranous  wings  would  suffer  abrasion ;  and, 
although  this  is  an  almost  purely  hypothetical  assumption,  we  have  a 
certain  warrant  for  it  in^the  probability  that  Coleoptera,  like  the  other 
orders,  had  purely  PalsBodictyopteran  ancestors  in  Paleozoic  deposits 
and  in  three  facts:  (1)  the  absence  of  coleopterous  remains  in  Paleo- 
zoic rocks,  (2)  their  presence  in  Triassic  and  Ehaetic  deposits,  and  (3) 
the  occurrence  in  Carboniferous  trees  of  borings  similar  to  those  now 
made  by  beetles  in  like  places. 

1  Long  after  this  manascript  was  sent  to  Germaay  I  learaed,  through  letters  from  K. 
Dathe  to  Haachecorae  (Zeit«chr.  der  dentschen  geol.  Gesellsch.,  1885,  542)  and  to  Dr. 
Zittel,  that  the  Silesian  culm  of  Steinkunzendorf  had  furnished  five  heetle  remains, 
of  which  four  are  elytra  and  one  a  specimen  showing  elytra  and  pronotum.  The  larg- 
est elytron  is  said  to  be  18  millimeters  long  and  14  millimeters  broad,  the  smallest  S 
miUimeters  long  and  6  millimeters  broad  (the  breadth  probably  including  a  pair  of 
elytra).  One  specimen  examined  by  Dr.  F.  Karsch,  of  Berlin,  was  taken  by  him  to 
be  the  elytron  of  a  carabid  or  of  a  tenebrionid.  Further  details  of  this  find  will 
be  awaited  with  interost. 

(106) 

Digitized  by  VjOOQIC 


ICUDD1R.1  mSTOEY  AND  DISTRIBUTION.  107 

We  may  then  draw  the  following  picture  of  the  probable  sequence  of 
events  in  the  geological  history  of  insects  and  of  the  peculiarities  of  the 
different  epochs — a  picture  which  does  not  carry  us  back  to  any  apterous 
condition  of  hexapods,  the  only  speculations  on  this  subject  drawn  from 
existing  biological  data  (however  probable  they  may  be  or  however 
unanimously  such  views  may  be  held  by  those  who  have  speculated  on 
the  subject)  being  altogether  unsupported  by  a  scintilla  of  paleontolog- 
ical  evidence. 

'  The  earliest  insects,  then,  were  generalized  hexapods,  Palseodictyop- 
tera,  in  which  the  four  wings  were  equally  and  similarly  developed,  mem- 
branous, and  with  very  simple  neuration.  Their  metamorphoses  were  sim- 
ple and  ^^ncomplete,"  the  young  leaving  the  egg  with  the  form  of  the 
parent  but  without  wings,  the  assumption  of  which  required  no  quiescent 
stage  before  maturity.  They  appeared  probably  as  early  as  any  land- 
plants,  certainly  by  the  middle  of  the  Silurian  epoch,  and  continued  as  a 
homogeneous  type  until  the  en^  of  the  Paleozoic  period.  Certain  indica- 
tions of  differentiation  were  present,  but  they  were  largely  those  which 
characterize  in  later  times  simple  families  or  limited  groups  of  families, 
sdch  as  an  excessively  long  and  slender  body  (Protophasmida)  or  an 
anal  area  separated  from  the  rest  of  the  wing  (the  front  wing  only)  by  a 
deep  furrow  (PalseoblattarisB),  but  in  some  cases  foreshadowing  ordinal 
distinctions,  as  in  the  thickening  of  the  basal  portion  of  the  front  wing 
(Phthanocoris).  Probably  also  a  life-long  burrowing  habit  of  some  wood- 
feeding  forms  had  induced  in  them  an  incipient  hardening  of  the  front 
wing  in  preparation  for  a  greater  change  that  awaited  them.  Most 
of  these  Paleozoic  forms  were  of  large  size,  with  bulky  bodies  aud  ample 
wings.  In  repose  they  rested  their  wings  by  overlapping  on  their  ab- 
domen, a  habit  which  very  few  of  their  descendants  have  altogether 
overcome  (butterflies,  moat  dragon  flies). 

With  the  advent  of  Mesozoic  times  came  the  greatest  changes  which 
the  insect  world  has  seen.  Kearly  all  along  the  line  there  was  developed 
a  differentiation  of  the  front  and  hind  wings,  thejatter  growing  relatively 
larger,  with  a  specialexpansion  of  the  anal  area,  the  former  changing  its 
membranous,  diaphanous  character  for  one  more  or  less  pergamentous 
or  corneous,  or  approximating  this  condition  by  a  multiplication  or  an  in- 
crease in  the  size  of  the  nervures,  while  special  structural  features  were 
assumed  by  each  particular  type,  asforinstance  in  the  cockroaches,  where 
by  the  amalgamation  or  altered  direction  of  certain  veins  of  the  front 
wlogs  they  became  still  further  changed  in  character  from  the  hind  pair. 
Thus  in  the  same  Triassic  deposits  we  find  side  by  side  several  species 
of  cockroaches  wiiich,  examined  together,  bridge  over  the  distinctions 
between  the  ancient  Palseoblattarise  and  the  modem  Blattarise :  First, 
those  in  which  the  front  wings  are  diaphanous,  with  distinct  mediastinal 
and  scapular  veins,  and  the  anal  nervures  impinge  on  the  border  of  the 
wing;  next,  those  having  a  little  opacity  of  the  front  wings,  with  blended 
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mediastinal  and  scapular,  and  the  anal  veins  as  before ;  then  those  with 
still  greater  opacity,  with  the  same  features ;  and  finally  those  having 
the  structure  of  the  front  wings  coriaceous  or  leathery,  with  blended  me- 
diastinal and  scapular  veins  and  anal  nervures  impinging  on  the  anal  fur- 
row. By  such  steps  as  those  were  the  undifferentiated  Palajodictyoptera 
transformed  into  the  modern  types  of  Orthoptera,  Neuroptera,  Hemip- 
tera,  and  Coleoptera.  It  is  probable  that  these  orders  were  first  diflfer- 
entiated,  and  later  the  Metabola,  for  in  the  Trias  and  Ehaetic  we  find 
only  the  Heterouietabola,  and  not  yet  all  of  them.  Still,  looked  at  in  , 
a  broad  way,  we  may  say  that  all  the  existing  orders  of  insects  origi- 
nated early  in  Mesozoic  times,  for  the  Diptera  and  Hymenoptera  appear 
in  scanty  numbers  iu  the  Lias  and  the  Lepidoptera  in  the  Oolite.  The 
Metabola,  however,  are  nowhere  abundant  in  the  Mesozoic  period  and 
are  always  subordinate  to  the  E[eterometab61a,  though  as  soon  as  the 
Tertiaiy  period  opens  thej' assume  a  preponderating  part,  which  was 
probably  even  greater  than  appears,  since  the  readier  preservation  of 
Coleoptera  in  rock  deposits  undoubtedly  gives  them  a  better  relative 
standing  iu  our  knowledge  of  the  past  than  is  really  their  due.  We  may 
then  state  in  broad  terms  that,  as  far  as  insects  were  concerned,  the 
Paleozoic  epoch  was  the  age  of  Palseodictyoptera  and  especially  of  cock- 
roaches (since  nearly  half  the  known  species  belong  to  that  group),  that 
the  Mesozoic  epoch  was  the  age  of  Heterometabola,  the  Cenozoic  of  Me- 
tabola and  Coleoptera,  while  the  present  is  the  age  of  Coleoptera  and 
Metabola,  the  relative  proportion  of  Coleoptera  to  the  other  orders  hav- 
ing steadily  increased  from  the  close  of  the  Paleozoic  epoch. 

The  "complete"  metamorphosis  of  the  higher  (and  of  a  few  lower)  in- 
sects is  now  genepally  looked  upon  as  a  secondary  adaptive  feature, 
originating  from  an  "incomplete"  metamorphosis,  the  very  existence  of 
which  among  so  many,  and  these  exclusively  the  lower  insects,  is  an 
argument  in  favor  of  such  a  view.  That  these  more  complex  metamor- 
phoses originated  simultaneously  with  the  segregation  of  the  existing  or- 
ders of  insects  is  rendered  probable  from  the  similarity  of  larval  form  and 
structure  in  difierent  orders,  as  the  maggot-like  larvse  of  Masca,  Vespa, 
and  Curculio,  for  instance,  as  well  as  from  the  existence  of  very  different 
types  of  larv£e  within  the  same  order,  as,  for  example,  Stratiomys  and 
CBstrus,  Tenthredo  and  Bombus,  Dytiscus  and  Calandra.  The  striking 
hypermetamorphosis  of  some  MeloidsB,  not  shared  by  neighboring  fam- 
ilies of  Coleoptera,  gives  plain  proof  of  the  amount  of  change  which 
may  be  acquired  within  narrow  limits  and  in  comparatively  brief  time. 
There  is  no  good  evidence  that  the  MeloidsB  were  differentiated  before 
theTertiaries,yetMenge  hasfoun(Un  the  amber  deposits  of  the  Oligocene 
what  are  apparently  the  larvse  of  Meloidse  in  the  trinngulifi  stage.  It  may 
be  stated  in  general  terms  that,  although  comparatively  little  is  known 
of  the  earlier  stages  of  extinct  insects,  all  our  knowledge  tends  to  show 
that  the  present  general  conditions  of  metamorphosis  existed  at  least 
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as  far  back  as  the  middle  or  latter  part  of  theMesozoic  period.  Thelarvse 
of  the  Oligocene  (of  which  we  know  most)  had  all  the  characteristics 
of  those  of  the  present  day,  and  of  the  few  from  the  Mesozoic  rocks  the 
the  same  may  be  said,  with  the  possible  exception  of  the  oldest  known 
larva,  Mormolucoides  articulatuSy  from  the  Trias  of  ^ew  England,  which 
is  of  a  somewhat  anomalous  character,  though  probably  a  sialid.  From 
the  Paleozoic  rocks  no  larvae  whatever  are  known,  whether  of  the  "com- 
plete'' or  ** incomplete''  type. 

The  sexes,  as  is  well  known,  are  now  completely  distinct  in  insects. 
Certain  peculiarities  of  secondary  sexual  dimorphism  accompanying 
special  forms  of  communistic  life,  such  as  the  "neuters"  and  "  workers" 
in  flymeuoptera  and  the  "soldiers"  among  the  Termitiua,  are  also  found, 
as  woold  be  ex])ected,  among  the  fossils,  at  least  through  the  whole 
series  of  the  Tertiaries.  The  same  may  be  said  of  other  sexual  character- 
istics, such  as  the  stridulating  organs  of  the  Orthoptera,  and  of  peculi- 
arities of  oviposition,  as  seen  in  the  huge  egg  capsules  of  an  extinct 
sialid  of  the  early  Tertiaries.  The  viviparity  of  the  ancient  Aphides  is 
suggested,  according  to  Buckton,  by  the  appearance  of  one  of  the  speci- 
mens from  the  Oligocene  of  Florissant,  while  some  of  the  more  extraor- 
dinary forms  of  parasitism  are  indicated  at  a  time  equally  remote  by 
theoccurrence  in  amber  of  the  triungulin  larva  of  Meloe,  already  alluded 
to,  and  of  a  characteristic  strepsipterous  insect;  not  only  too  are  the 
present  tribes  of  gall-making  insects  abundant  in  the  Tertiaries,  but 
their  galls  as  well  have  been  found. 

In  fact,  by  the  presence  in  the  rocks  of  nearly  every  group  in  which 
interesting  special  biological  phenomena  have  been  found  in  present 
times,  we  are  forced  to  believe  it  highly  probable  that  the  general 
features  of  insect  life,  with  all  their  varied  dependence  upon  their  en- 
vironment, have  remained  almost  without  change  through  at  least  the 
Tertiary  epoch.  In  keeping  with  this  is  the  fact,  not  too  much  to  be  re 
hed  upon,  that  the  larger  proportion  of  Tertiary  insects,  and  no  small 
number  of  Mesozoic  types  as  well,  have  been  referred  to  existing  gen- 
era. This  may  be  due  in  part  to  their  incomplete  preservation  or  to  their 
insufficient  study,  and  it  is  highly  probable  that  one  or  the  other  of 
these  causes  may  account  for  most  of  the  cases  which  are  known  from 
the  Mesozoic  deposits.  But  these  explanations  will  not  fully  suffice  for 
the  Tertiary  deposits,  since  we  can  test  the  matter  to  a  certain  extent  in 
the  excellent  relics  of  the  amber,  at  least  in  the  groups  which  have  been 
carefully  studied.  Here  we  find  that,  as  a  general  rule,  only  from  a 
fourth  to  a  thinl  of  the  genera  are  extinct,  and  these  genera  are  usually 
those  which  are  least  prolific.  Of  the  twenty-three  genera  of  Formicidae, 
carefully  studied  by  Mayr,  only  six  (with  seven  species  out  of  forty- 
nme)  are  looked  upon  as  extinct ;  and  of  the  Psocina,  studied  by  Hagen 
and  Eolbe,  three  out  of  the  ten  genera  (five  species  out  of  fifteen)  are 
in  the  same  category. 
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The  following  table  shows  in  a  condensed  form  the  geological  distri- 
butiou  of  the  orders  and  larger  divisions  of  fossil  insects.  The  weight 
of  the  lines  indicates  in  a  very  general  way  the  comparative  develop- 
inent  and  importance  of  the  type. 

Oeologicai  distribution  of  insects. 
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*  I 
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Palaodictyoptera  . 
Orthoptera  .... 
Neuroptera : 

Pseudoneoroptera 

Neuroptera  vera 
Hemiptera : 

Homoptera    . 

Heteroptera  . 
Coleoptera: 

Rhynohophora 

Heteromera  . 

Phytophaga  . 

LameUicomia 

Serrioomia    . 

ClaYicomia   . 

Adephaga 
Diptera : 

Eprobosoidea 

Cydorhapha 

Braohycera    . 

Nematocera  . 
Lepidoptera  .  . 
Hymenoptera : 

Terebrantia  . 

Acoleata   .    . 
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Or,  if  we  present  the  same  facts  for  the  existing  orders  simply,  the 
sequences  insisted  npon  above  will  be  more  clearly  seen,  as  in  .the  fol 
lowing  table: 
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1 

1 
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^ 

-^ 

^OiiihontArA      .... 

Heterometabola  ^ 

Neuroptera     .... 

Hemiptera  .... 
.Coleoptera  .... 
f  Diptera 

11 

^^^ 

1         ll         1 

Metabola.    .     , 

LiAniilontAriL    .... 

•  /    * 

,         .1         , 

( Hymen  oDtera      .    .    . 

1 

i [ 

! 

rn 

^^1 

compabativib:  histobebs  of  mtkiapoda,  abaohnida,  and  hexap- 

ODA. 

In  conclusion  we  may  note  the  contrasts  which  the  geological  histories 
of  the  Myriapoda,  Arachnida,  and  Hexapoda  present  when  compared. 

In  the  Arachnida  four  orders  existed  side  by  side  in  Paleozoic  times, 
the  most  abundant  of  them  disappearing  at  its  close ;  the  other  three 
have  continued  to  the  present  time  and  appear  to  have  been  as  widely 
separated  from  each  other  at  that  distant  period  as  now,  and  only  one 
of  them  has  since  received  a  preponderating  development.  In  addition 
to  this,  three  new  orders  make  their  appearance  in  Tertiary  times,  but, 
two  of  them  being  the  very  lowest  of  their  class,  their  apparent  absence 
from  Mesozoic  deposits  is  probably  due  to  the  "  imperfection  of  the  geo- 
logical record,"  and  it  is  not  improbable  that  all  of  these  may  prove  to 
be  the  differentiated  descendants  of  Anthracomarti,  the  order  peculiar 
to  the  Paleozoic  era. 

In  the  Myriapoda  we  find  two  very  diverse  orders  existing  in  Pale- 
ozoic times,  which  disappeared  with  that  epoch  and  were  replaced  in 
later  times  by  two  others  equally  and  to  some  extent  similarly  distinct 
from  each  other  and  from  those  which  preceded  them.  It  is  probable 
tbat  they  are  the  descendants  of  the  early  types  and  that  a  fifth  order, 
at  present  only  known  in  recent  times,  was  also  derived  from  one  of 
them. 

In  the  Hexapoda,  all  known  Paleozoic  forms  are  referable  to  a  single 
order,  which  disappeared  at  or  shortly  after  the  close  of  that  era,  be- 
ing replaced  in  the  Mesozofc  epoch,  through  differentiation,  by  the  seven 
existing  orders. 
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.  We  thus  find  that  in  the  Paleozoic  epoch  we  have  in  the  Arsfcbnida 
one  extinct  and  three  existing  orders ;  in  the  Myriapoda  two  extinct 
orders  and  none  of  the  existing;  in  the  Hexapoda  one  extinct  order  and 
DO  existing  ones,  all  of  these  being  afterwards  differentiated  from  the 
common  Paleozoic  stock. 

In  passing  backward,  then,  we  reach  a  common  ancestral  stock  for 
the  Hexai>oda  as  soon  as  the  close  of  the  Paleozoic  epoch,  and  we  con- 
tinue to  retain  the  same  as  far  back  as  the  Middle  Silarian.  In  the 
Myria|>oda  we  lose  all  trace  of  the  existiug  orders  when  we  re^ch  Pale, 
ozoic  times,  but  find  them  replaced  by  others  as  widely  differentiated 
from  each  other  as  existing  types  among  themselves,  and  one  of  these 
types  we  trace  back  to  the  Middle  Devonian.  In  the  Arachnida  one 
half  of  the  existing  orders  may  probably  be  traced  to  a  Paleozoic  type 
since  extinct,  while  the  other  half  occur  side  by  side  with  this  extinct 
type  and  one  of  them  is  found  as  far  back  as  the  Upi>er  Silurian. 

Notwithstanding,  then,  that;  winged  insects  are  at  present  known 
from  older  rocks  than  any  containing  either  Arachnids  or  Myriapods, 
it  would  seem  highly  probable  that  the  ancestral  stock  of  these  last  will 
yet  be  found  in  older  deposits  than  will  the  true  insects.  The  rela- 
tionship of  the  Arachnida  to  the  Merostomata  and  the  probability  that 
some  of  the  early  Myriapoda  were  amphibious  render  it  further  proba- 
ble that  the  ancestral  stocks  of  Arachnida  and  Myriapoda  were  of 
aquatic  habit,  while  it  is  evident  that  the  ancestral  winged  Hexapoda 
must  have  been,  at  least  in  adult  life,  terrestrial.  Their  apparition 
would  not  therefore  be  expected  to  antedate  that  of  land  plants. 

The  following  table,  in  which  the  heavy  lines  are  meant  to  indicate  the 
chronological  range  of  the  presumed  ancestral  and  extinct  stocks,  while 
the  lighter  lines  show  that  of  the  existing  orders,  will  illustrate  these 
statements  graphically.  The  purely  hypothetical  portions  are  given  in 
dotted  lines. 
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Okranologieal  range  of  presumed  oHeeetral  and  extinct  etocke. 
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Blatoriam,  77. 
Blateropaia,  77. 
Bleotra,  80. 
Blephantomyia,  00. 
iSlipaocaa,  64. 
Bliaavm.48. 
Bbnl8,78. 
BlYina,  30. 

Bmpheria,  64. 
Bmphytaa,  07. 
Bmpida,BS. 
Bmpidla  Wnlpli,  88L 
J^mpiditM,  88. 
Bmpia,  88. 
^ndomyehidm,  70. 
Bnneamenia,  00. 
Bntimiu^  88. 
EaphrynoidtB,  86. 
Eophrynua,  26. 
Bophrynna  Preatvloii,  26b 
Eophrynas  Salmi,  26. 
JSoMorpioida,  27. 
I}oieorpionimi,2B. 
Boaoorpina,  28. 
Bpeira,  81. 
EpeinidOtZl. 
Bpbemera,  64. 

J^AMfMTidM,  64. 

Bphemeritea  Biickerti,  41. 
Bphemeropaia,  54. 
Bpbydra,  86. 
Sphydr%d4B,  80. 
Bpioeroa,  68. 
Bpidoala,  04. 
Bpipbania,  77. 
Bpipleoia,  02. 
Bpipaoona,  64. 
Sprobotcidea,  110. 
£re9oidcB,2». 
Breaiia,20. 
Brig(me,81. 
Brinnya,  81. 
Briocera,  80. 
Brioptera,  90. 
Eriphia,  87. 
Krirbinioidca,  07, 
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BrirfalniMi  67* 
ErUtaUfl,87. 
Era,  81. 
frotyftdo^  80. 
ErytluBiiB,  28. 
EBcheriBt  82. 
EtoblattiiUk»88. 
£aceniu,41. 
Encanua  oriUa,  48. 
EnchroiiMi  78. 
EuetvMnimit  77. 
EncnemiB,  77. 
Eudiagogai»  88. 
EmrereoD,  45, 104, 10& 
Ea^^ereon  BdoUngi,  45. 
Eagnamiitva,  88. 
EagoDia,86i. 
J?iifno{pifii,72. 
EamolpltM,  71. 
Euneotea,  88. 
Euophrya,  28. 
Eaphisa.  56. 
Enphoberiat  18. 
Euphoberidmt  1ft. 
Eaplectes,  81. 
Enpsinoidea,  8L 
Earb1naft,87. 
Eorychims,  88. 
EurytSBna,  64. 
Eurythyre%76. 
Ensarcoa,  64. 
Euschistaa,  64. 
Entermes,  5S. 
ElUBonuft,  17. 
Ea«ma8  oollnlnm,  17. 
Evagons,  62. 
£vanla,99. 
Evaniidm,  OOl 


FabelloTeoa,  08i 

Feronia,  84. 

Flata.60. 

Flegia,  81. 

Forbioina,  62. 

Forflcalarla,  47. 

For/ieuiaruBf  47. 

I  Miiniioat  100. 

lormieidcB,  97, 00, 100, 108. 

I'^ormiclum  Brodiei,  07. 

Fu88liiiia.76. 

Falgora,60. 

lyUfforidm,  60. 

I-\iIgorina,  45, 106. 

i  ulgorina  Bboni,  45. . 


Oalerooa,  7L 

<raleraoelIa,71. 

Oalenieiny  71. 

(iaina8idn,22. 

Cr>  oentomam,  42. 

Oone Dtomnm  Talldum,42. 

Uiiiopteiyx.  42. 

Geni ; » :  ery  ?;  cunstricta,  42. 

GeiiO|>ter3  x  lithaotbraca,  42. 


14. 

O«ophllii%14 
GeaphfloB  prMTiu,  18, 14 
G«otrapM,74. 

GerablaUin^SO. 

G€inli]iiir%26. 

G^«raUiinn  boiiMiiioak  28b 

OeEalinui*  ear1>onuia»  26. 

G€rdUnuridm,2A. 

Gerapbryniis,  24.     - 

Geraphiynna  oarbonarioa,  24. 

Gerapompiis,42. 

Gexapompua  blattinoidM,  42. 

G«raponipa8  extensna,  42. 

«Mnarin«,44,10& 

0«nraa,44. 

G«nunial>aiifl%44. 

6«nnit  maaomia,  44. 

OenutuTeta>,44 

G«Kdift,8L 

€t«Rla,82. 

Ctoaoinyxmex,  100. 

Glaphyroptens  78. 

GlaphjTos,  1L 

01enoptenu,81 

61e68azja.62. 

61oma,8& 

GUtmtrida,  17. 

Glomeria  deotionlata.  17. 

GlyptoBOorpiiia,  28. 

Gnoriste,  88. 

Goldenbergla,  4L 

OompMno,  6&, 

Gomphooeritfa,  40. 

Gomphooenu  fSsinoraUa,  48L 

Gomphoidea,  66. 

Chmiootena*  7Sl 

Gonooephalnm,  7L 

Gonyleptea,  28. 

OonylipMda;  20. 

Gtorgopia,  28. 

GnB%8L 

€hryUtMridSd<B,SfL 

Gryllaoria,  60. 

(7rylUdM,60. 

GTyIlotalpa,60. 

Gryllii%50. 

Gryllttft  dobbertinensis,  iH). 

Giyllna  maorooeraa,  50. 

GrylluB  troglodytea,  50. 

Gymnetran,  67. 

Gynmooheila,  78. 

Gymnopldunia,  74. 

Oyritiidm,  82. 

Gyrixiitea,82,88. 

Gyrlnoidea,  88. 

Gyrinaa,  82, 88. 

Gyrinaa  marimia,  88. 

Gyrinaa  natator,  88. 

Gyzoph«ia,8L 


Habroaoma,  80. 
Hsemoiiia,  72. 
.  H.ogla.GO. 
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i,70l 
Halobate8,62. 
Haltioa^TL 

Haploneiir%  00. 
HaplophleUam,  4L 
Haipftotar,  82. 
HarpaUdlnm,83. 

HarpdUni,9L 
Har|MJn8,8S. 
HarpaloB  IsTicoUis,  84. 


Hasatdtidaa^ao. 
HeUnomorpha,  84. 
Hdhumini,9i. 
Helomyaa,  87. 

Helophilna,  87. 

Helophorinit  fO, 

Helophoraa,  82. 

Helopitles,  70. 

He)opi<liom,  70. 

Belopini,  71. 

He^opiniu,  70. 

Helops,  71. 

Helopa  irettaraTlcas,  71. 

Hemeriatia,  44. 

Hemarifttia  oooideotalia,  44. 

JJeoMTiffmo,  48. 105. 

Hemerobida,  5flL 

Hemerolnna,  66, 105. 

Hemerobioa,  68. 

Hemerodromia,  88. 

H&mipUra,  68, 108, 110,  HI,  118. 

HemJpltffoidM,  45. 

Hemitelaa,  98. 

Heptaganla,  54. 

Hermatoblattlxia.  88. 

Hermoatitea,  68. 

Henilia»8a 

E^nOioidm^dO, 

Heatheaia,  78l 

HeteTogaml%  48. 

Heterogasiar,  88. 

IfeterofiMro,  80, 110. 

JEftUrometabola,  48,  106,  111. 

HatoTomyaa,  87. 

Heterophlabia,  66. 

HtteropUra,  61, 106, 110. 

Heterotrieha,  08. 

Hexagenita%  64. 

HtoBOpoda,  82,  lU,  113. 

Hazatomai  80. 

Hilara,88. 

Hilaritea,88. 

Hipporhixma,  67. 

Hipiwrblniia  Haeri,  68w 

ffitpini.71. 

Histor,70. 

ffi$Uridm,79, 

Hodotennea,  58. 

H61oofrpa»  97. 

TTolopogon,  80. 

HonuMUni,  80. 

HoiiiaUaiD,80. 


H6maDogaini%48. ' 

Samoptm,  60, 105, 110. 

Homotheiidm,^,  105. 

Homothetua,  42. 

HomothetoB  fossilia,  42. 

Hopatmxn,  71. 

Hopatrom  aabolosDm,  71. 

J7c>p2ini,74. 

H7boa,88. 

.ffy5oM>rM,74. 

Hyboaoroa,  74. 

HyhoHna,eS. 

Hydaticna,  83. 

BydraeknidcB,  22. 

J7y<iroMifi<,82. 

HydrobUtes,  82. 

Hydrobina,  88. 

fiydromatra,  6SL 

JSydrorMtHdmtO^ 

Hydronomua,  67. 

Hydrophaidm^SL 

Hydnphilimi,  82. 

Hydrophilitaa,8a. 

Hydiophilopsis,  82. 

Hydrophilos,  82. 

Hydzophilns  picaua,  82. 

Hydropoms,  83. 

Hydroptyekidm,  58. 

HydroptUida,  58. 

HydiDix8,82. 

HygroDoma,  81. 

Hygrotreobaa,  62. 

HylbOOBtiu  oylindiicas,  75. 

Hylesinites,  66. 

Hyledniui,  66. 

Hylobias,  67. 

HylotruiMa,  73. 

Hylnrgas,  66. 

Hynunoptera,  96, 108, 110.  111.  113. 

Hypera,  67. 

Hypoolioea.  100. 

Hypaelonotna,  64. 

I. 
lobneamoD,  09. 
JeAsiaunkmuia;  08. 
lolmeinmoiiitea,  00. 
IotJiiaa,5& 
Imboffla,  100. 
InocaUia,56. 
JiM0eta»82. 
Ipa,70. 
Isohnodea,  77. 
Isopblebia,  55. 
Jinxlida^22. 


J. 


.Jasaiui,60. 

JvUdcBtH, 

Jnlopaia  eretaoea,  13, 1& 

Jnlaa,  18. 

Jnloa  aDtiqans,  18. 

Jnlna  Brassi,  17. 

Jnlas  sabalosna.  18. 

JnliiB  telltuter,  18. 

Joins  terrestria,  1& 

Jnpiteria,  95. 
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KampecariB,  16. 
EAmpecaria  forfkxenala,  IS. 
Kreiaoheria,  25. 
Kreiaoheria  Weidei,  25. 


Labiduromma,  47. 
Labiostomis,  72. 
Lacoobiua,  88. 
LacoophUua,  88. 
Laohnna,  50. 
LacoD,  77. 

LameUieornia,  78, 110. 
Lamia,  72,  78. 

Lampromynnez,  00. 
LampxophoUs,  52. 
Lampyridm,  79. 
Lampyria,  78. 
Laparooerna,  88. 
Lariniu,  87. 


Lastoptora,  04. 

Laslas,  100. 

LattrigradcB,  22y  20. 

LaihridUdm,  78. 

Lathridlites  SohaumU,  76. 

Lathrldlns,  78. 

Lathrobinm,  81. 

Lebia.  84. 

LebUni^Bi. 

Ledopbora,  80. 

Legnophora,  47. 

Legnophora  Girardi,  47. 

Leistotrophoa,  81. 

L€t)a,08. 

Lema,  72. 

Lepldion,  62. 

Lepidoptmt,  04, 108,  110,  111,  118. 

Lepidothriz,  62. 

Leplsma,  52. 

Lepitrix,  74. 

LeptidcB,  Bd, 

Leptis,  80. 

Leptoeeridm^  58. 

Leptogaater,  80. 

Leptopesa,  88. 

Leptopblebla,  54. 

LeptoBoeUa,  84. 

Leptothoraz,  00, 100. 

Leptara^  72,  78. 

Leetee,56. 

Lethite8,05. 

Lenotra^  54. 

Libollola,  55. 

LibdUola  oarbonaria,  25. 

LibettuUna,  55. 

Lieinini,9i. 

Licinna,  84. 

Limnaois,  82. 

LimDiohns,  78. 

Llmiilas,  78. 

Limnobatea,  62. 

l4mnobia,  90. 


Ltannochares,  22. 

JAmnophHidcB,  58. 

Llmoniiia,  77. 

Lisa.  72. 

Unoptea,  20. 

LInyphia,  81. 

Liobnnnm,  20. 

liometopiiin,  100. 

Liparoa,  88. 

JMpAifetoicte,  80. 

Llthadothripa,  63. 

Lithigrion,  56. 

Lithentoniiiin,  44. 

Litbentoiniiin  Harttii,  44. 

J^ie^oKuba,  14. 

Lltbobina,  14. 

Lithocaria,  81. 

Lithomantia,  44. 

Lithomantia  carbonacla,  44. 

lithomylaoila,  88. 

LiOiomysa,  04. 

Lithoplaoea,  81 

Lithopaia,  80. 

Lltbqpayobe,  06. 

Lithortalia,  86. 

Lith<Mia,85. 

LithoaiaUa,  44. 

Llthosialia  bobemioa,  44. 

LithoaiaUa  Brongniatti,  44,  lOi. 

Litboaialia  oarbonaria,  44. 

Litbymiietea,  50. 

LitiMieara,  40. 

Lizva,  07. 

Loooata^  50. 

Loeoata  eztincta,  50. 

Looaata  grcBiilandtoa,  60. 

Loooata  apecioaa,  50. 

XotfiMtoricv,  50. 

Locii8atea,60. 

Loinatia,86. 

Lomataa,  76. 

Lonohaa,  86. 

LoneheridcB,  86. 

Lonchomynnez,  80. 

Lophonotna,  18. 

Lophyma,  07. 

Lorioera,  85. 

JDoriMfini,  85. 

Lozandroa,  84. 

LucamidtB^  74. 

Lnoanna,  74. 

Luoiola,  76. 

Lyo«iia,06: 

Lycoperdina,  80. 

I^eotoida,  20. 

Lyotna,  75. 

Lycna,  76. 

Lyda,  07. 

LygtBiday  63. 

Lygnitea,  63. 

Lygsna,  63. 

LymexylidcB,  75. 

Lymexylon,  76. 

Lytiopeltidcg,  17. 

Lyatxa,  50, 60. 

Lytta,60. 
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Haerocens  08. 
HaoroohiKM. 
KMiomiBOhA,  09. 
MMvopMa,  01. 

Mfterophlebiiim  Hollebeni,  45. 
Hagdali8.fl7. 

HalAohiua,  75. 

Malthi]iii8,7«. 

Jfantul«,40L  . 

MantiB  protof^sa,  49. 

MaiitUpid».0O. 

]Casonia,2a 

Medetenu,  88. 

Hesaoentms,  77. 

Heganenra,  40. 

Hegathentomnin,  45. 

If  egath«ntomiiiii  fonnoaiun,  45. 

Hegathentomum  pastalatum,  46. 

Melandryida,70. 

HelaoophUa,  7& 

Melanothripa,  03. 

Helena.  68. 

lfeloe,60.100. 

Meloe  iMtTaricua,  00. 

Heloloiitlia,78. 

Helolontha  hippocaatani,  74. 

Mdolonthini,7i. 

Melolont]iitaa,74. 

Memtraoidu,  00. 

Membracitea,  60. 

Herlaioa,67. 

MerodoD,  87. 

MeMb]attlius4a 

Heaoaa,  72, 73. 

HeflO0ite0,72. 

Metdbola,  85,19^111. 

lCiaiDia,4&. 

If  iamia  Bronaoni,  43. 

Hicranthazia,  76. 

Hierodon,  87. 

MicroUpidoptera,96. 

MioropetUUB,  87. 

Micropns,  63. 

MierorhagnB,  77. 

Microsoom,  75. 

Midaidee^BS. 

MUea<a,87. 

Hiri8,63. 

Mixotannes,  42. 

Mixotermea  Lagaaenala,  42. 

MizaliA,81. 

MizaHai^tB,  31.     * 

Maemoayne,  60. 

If  ocblonyx,  02. 

If olorohva,  73. 

If onanthia,  62. 

If  onodidana,  94. 

Ifonomorf  am,  00. 

If  ononyohiia  panctmn-albiiiu,  67. 

MonopUebna,  52, 60. 

Moitlella,  70. 

JfardeOuto,  70. 

Ifordellfaia  inclnsa,  70. 


M onnolnooidea  articnlatiia,  66^  100. 

Hiiaoa.^108. 

Mu8oaliau>pliiIa,86. 

Muteid4»,  87< 

MaB0iditea,8& 

MutaUdm,  100. 

H7cetobia,08. 

Myeetophagid4»t  70. 

Mycetophila,  98. 

MyestopMttdtB,  96. 

Hycetopoma,  81. 

Myootretiia,  80. 

Myoteroa,  70. 

My]abiia,60L 

iryIa«riAB,88.103. 

My]aoria.38L 

Mylothrltea,05. 

Myoditea,60L 

Jfyru^oda,  0^111, 118. 

HynnaTfOe 

MyniiedoDia»  81. 

MynneLeon,  6& 

JfyniMlMnidA,  6& 

Hyimloa,00. 

Mtfrmieidm,  00. 

Myrmiolam,  00. 

Mynaicinm  Hoeri,  07. 


Nabidm^VSL 

Kabia,62.   • 

Kanophyea,  67. 

Naaooria,  6L 

Nanpactoa,  68. 

Nebria,84. 

N€briS»U,9L 

Neoticaa,  88. 

NeoydaUa»78. 

Neoymylacria,  88. 

Nemaatoma,  28. 

Nmna8tomoid<B,  20. 

KeffuUocera^  110. 

Ifematna,  07. 

Keiiieatiriiia»  88. 

Nemettrinid€B,  88. 

Nemobiaa,  60. 

Nemopteilda,  56. 

Kemotelaa,  80. 

Nernura,  54b 

Neorlnopaia,  06. 

Neorthroblani2ia,47. 

if aoMorpii,  28. 

Nepa,  61. 

NephUa,31. 

Nephrotoma,81. 

N^pidcB,  61. 

Neptioa]a,05w 

Nearoooria,  64. 

NeuropUra,  61. 108. 110. 113. 

Neunptera  vera,  51, 56. 105, 110^  lU. 

NeuropUmideOt  41. 

Kitidiila,70^ 

yiUduUdm^lS. 

Nitldulit«««  argoTibUftis,  7& 

NoctuidcB,  06. 

ITootoitea,  05. 
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Notaxta,67. 
Nothros,aS. 
Notoii60t%CL 

Nymphes,  60^67. 


Ober«A,78. 
Obriiim,7t. 
OohtenKM. 
Ochthdbtiu.  tt. 
OchyroGozia,  Ml 

Odontomyift,  M. 
OdoototoiTL 
OScaatlmt,  00. 
(EcophyUa^  100. 
CBdeman,TO. 

(£dipod%40. 

(EdlpodA  DignOMoiolatA,  40. 

(Edipodidm,  40. 

(EffCrick*.  87. 

(Estnu,  87, 106. 

Oligotoma  antiqiu,  68. 

OmalU  iiia4SEoptens  48. 

OrnMeos  nigrlta,  84. 

Onitioelliu,  74. 

Oiiltda,74. 

OnthophAgiu,  74. 

Opblon,  00. 

OphryAstM,  08. 

OpUio,  20. 

6^i<mM,21,28,20,118. 

OpUo,76. 

OrbUaiurim,ti,Zl. 

OrobeUmam,  00. 

OrcbedAk  70. 

Orelna,  7S. 

Oribatea,S2. 

OraHUSdA,72. 

OrtaUdm^M. 

Ortbopblebi%  97. 

Orthoptera,  40, 108, 110,  111,  118. 

OrtAoptervidtfO,  88. 

Orthorhapha,  80, 87. 

Oryctea,  iz, 

OryoioblAttliUK  80. 

OryoUMoirtetes,  71. 

08oU,87. 

Oseinida,  86. 

Osmia,  101. 

Osmylns,  57. 

OUarhffnehidtit  08. 

OtiorbyncbitflS,  08. 

OtiorbynchiM,  08. 

Ozyoera,80. 

Ozygonna,  77. 

Ozyponu,  80. 

OrytdiM,  80. 

Oxytelas,  80. 


P. 


Pocbyooris,  04. 
Packymex  idiom,  OS. 
Paob^eraa,  63. 


Paohypna,  74. 

Paohytylopaia,  44. 

Paobytylopaia  Paiainairei,  44. 

P<Bd«rwi<,8L 

Paidiiim,fil 

PalMMattarim,  88. 107. 

PalsobUkttinA  DoQTiUfii.  40^  100. 

PabBOcampa,  14. 

PalBOoampa  anthsai;  14. 

Palaoohxyaa,  67. 

Pa]iBoooria,e4. 

Palttoooaaoa  jnxaaaioaa,  00. 

PtotoMUe^^tero,  80^  107,  UO,  111. 

Palsojnliia  dyadieoa,  17. 

Palsomyrmex  prodromiia,  07. 

Palaqphonoidm,  7!. 

Palaopbonna,  87. 

PaUDopbonna  nimoiiiak  27. 

Paimoptsrina,  42, 106. 

Paleotbilpa,  08. 

Palannea  boraaaifr>11a>  80. 

Palemboliia.88. 

Paleontixia  ooUtioa^  61. 

Pal9AMMHte41,106. 

Palingania,  64. 

PalingeniA  FdatmanteUl.  4L 

PaUopteta,86. 

Palpip6a,20. 

Pamphmtea,06. 

PanagmkdtSl. 

Paaag«aa,84. 

Paiiorpa,ff7. 

Panorpidm,  SJ,Vi6, 

PaoU%4L 

Paralatixidia,40. 

Pazaadra,  78. 

Pa«attiia,28. 

Pomidca,  78. 

Parolamia,  72. 

Paromylacria,  88. 

Paromylaozia  votandnm,  88. 

Parotennaa,  68. 

Paaaandra,  78. 

Patrobna  oxoaTatoa,  84. 

Pauropoda,  10, 18, 118. 

Pauopna,  10. 

PouMicte,  81. 

Paoaaoidea,  81. 

Panaana,  81. 

PMiip<^pi,20,22,25,118. 

Pelobina,  88. 

Peltia,78. 

PtfmpMgiiMa,  50. 

Pempblgna,  60. 

Penthaleaa.  28. 

Penthetria,  02. 

Pentbetrla  aimilkameena,  0& 

Pantodon,  74. 

Pentotoma,  04. 

Pepaia,  101. 

Peripatna,  10. 

Perlft,  54. 

PerZina,  54, 105. 

P6rotia,76. 

PetaUa,55. 

Petalara,  55. 
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Petnb]attiiiA»». 
P6trobiii8, 62. 
Petrolystr^eo. 
P6troropliiw  tnmofttiu,  78. 
PAalooricte.  80. 
Plialaenu,80« 
PkaitmridUa,  9S. 
Flia]«iiitea,9S. 
PluOsmomyiAitfl. 
PkaitmgidmfUL 

Phalaagitet^ao. 

Phalangiom,  29. 
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MINERAL  SPRINGS  OF  THE  UNITED  STATES. 


By  a.  C.  Peale,  M.  D. 


INTRODUCTION. 

In  attempting  the  collection  of  data  for  the  statement  of  the  commer- 
cial valae  of  the  mineraj  waters  of  the  country  for  pablication  in  the 
report  on  the  Mineral  Resources  of  the  United  States,  1883  and  1884/ 
it  was  necessary  as  a  prerequisite  to  have  a  list  of  the  springs  from 
which  these  waters  are  derived.  An  examination  of  the  few  gen- 
eral works  on  the  subject  very  soon  showed  that  all  existing  lists 
were  incomplete.  The  tables  given  in  this  paper  were  therefore  com- 
piled, as  the  first  step  in  the  preparation  of  the  mineral  spring  sta- 
tistics of  the  United  States.  They  were  omitted  from  the  paper  pub- 
lished in  Mr.  Williams's  report,  for  want  of  space.  Since  the  appearance 
of  that  report  they  have  been  revised  .and,  with  the  addition  of  such 
analyses  as  could  be  obtained,  prepared  for  publication  a«  a  bulletin  of 
the  Survey. 

The  most  complete  compiLrition  previously  made  of  the  mineral  springs 
of  the  United  States  is  believed  to  be  that  brought  together  by  a  com- 
mitteeof  the  American  Medical  Association'''  and  published  in  Vol.  XXXI 
of  the  transactions  of  the  association  (1880).  It  enumerates  about  500 
localities.  Walton's  Mineral  Springs  of  the  United  States  and  Canada, 
published  in  1883  (third  edition),  mentions  some  279  localities  for  the 
United  States.  Moorman's  Mineral  Springs  of  North  America,  issued 
in  1873,  refers  to  or  describes  171  springs.  Bell's  Baths  and  Mineral 
Waters,  which  bears  the  date  of  1831,  mentions  21  places,  which  are 
increased  to  181  in  his  Mineral  Springs  of  the  United  States  and 
Canada,  published  in  1855.  A.  N.  Bell's  Climatology  and  Mineral 
Waters  of  the  United  States,  published  during  the  latter  part  of  1885, 
enumerates  173  localities.  The  lists  prepared  for  the  present  com- 
pilation include  2,822  localities.  Over  600  are  places,  of  resOrt  and 
more  than  200  sell  the  waters  to  a  greater  or  less  extent.  The  lists 
may  not  be  complete  as  to  the  number  of  localities  and  certainly  are 

1  United  States  Geological  Survey.  Mineral  Resources  of  the  United  States.  Cal- 
endar years  1883  and  1884.     Albert  Williams,  jr.     W^hington,  1885. 

^Drs.  William  Pepper,  H.  I.  Bowditch,  A.  N.  Bell,  S.  E.  Chaili^,  and  Charles  Den- 
nison.'  The  list  is  referred  to  in  this  paper  as  **  Pepper's  list.*' 
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not  80  far  as  the  total  Dumber  of  individual  springs  is  concerned,  re- 
ports not  having  been  received  from  all  the  localities.  Still,  they  are 
published  as  ])reliDnuary  to  more  detailed  work,  which  it  is  hoped  may 
follow  in  the  future.  The  information  has  been  derived  primarily  from 
the  various  State  geological  reports,  State  guide  and  hand  books,  Gov 
ernment  geological  reports  and  maps,  and  various  scientific  publica- 
tions. To  enumerate  all  these  sources  would  be  giving  a  large  part  of 
the  bibliography  of  the  subject,  a  work  now  in  preparation.  Much  ad- 
ditional material  has  been  obtained  from  membei'S  ^f  the  Greological 
Survey  whose  duties  have  taken  them  into  so  many  portions  of  the 
country.  Supplementary  data  have  been  received  in  answer  to  a  spe- 
cial set  of  inquiries  sent  throughput  the  entire  country,  and  efforts 
have  been  made  to  verify  the  matter  presented  in  regard  to  the  various 
localities  by  direct  correspondence  in  each  instance. 

The  answers  to  the  questions,  as  a  rule,  have  been  very  satisfactory. 
To  mention  all  those  to  whom  the  writer  is  indebted  on  this  score  would 
be  impracticable  here. 

Although  the  scope  of  this  paper  is  far  from  that  of  a  treatise  upon 
the  subject  of  mineral  waters,  it  may  perhaps  be  advisable  to  repeat 
here  the  definition  of  the  term  "  mineral  water."  The  definition  will 
depend  somewhat  upon  the  point  of  view,  whether  it  be  that  of  the 
chemist  or  of  the  physician  or4)f  some  one  interested  only  in  the  com- 
mercial aspect  of  the  subject.  'Water  is  itself  a  mineral  and  is  rarely, 
if  ever,  found  pure  in  its  natural  state.  As  Daubeny  saya,^  the  term 
"mineral  water"  in  its  most  extended  sense  comprises  every  modifi- 
cation existing  in  nature  of  that  universally  diffused  fluid,  whether  con- 
sidered with  reference  to  its  sensible  properties  or  to  its  action  upon  life. 
Usually,  however,  the  term  is  restricted  to  such  waters  as  contain  an 
unusual  amount  of  mineral  matter  or  which  are  characterized  by  an  un- 
usual degree  of  heat.  Fropa  a  therapeutic  point  of  view,  all  waters 
that  have  an  effect  upon  the  animal  body  are  mineral  waters,  no  mat- 
ter how  feebly  mineralized  they  may  be. 

Where  the  springs  have  l)een  improved  or  where  the  waters  have  been 
placed  upon  the  market,  the  definition  has  been  used  in  this  paper  in 
its  widest  sense,  and  therefore  all  such  springs  have  been  included'  in 
the  tables.  The  mention  of  unimproved  springs,  however,  has  been  i*e- 
stricted  so  far  as  possible  to  those  of  which  the  waters  are  mineralized 
to  a  more  or  less  marked  degree.  A  number  of  the  springs  included  in 
the  tables,  although  of  considerable  commercial  importance,  would 
perhaps  be  classed  as  indifferent  when  viewed  in  the  light  of  their 
chemical  composition.  It  must  be  remembered  in  this  connection  that 
chemical  analyses  will  not  always  explain  the  effects  of  a  mineral  water. 

^  Report  on  the  present  8tate*of  our  knowledge  with  respect  to  mineral  and  thermal 
waters,  by  Charles  Daubeny,  M.  D.,  &c.,  in  Sixth  Report  of  the  British  Association 
for  the  Advancement  of  Science,  p.  1,  1836. 
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Many  springs  which  have  acquired  great  reputations  for  their  medicinal 
effects  are  found,  upon  chemical  examination,  to  be  not  so  highly  miner- 
alized as  many  potable  waters.  That  their  medicinal  value  is  recognized 
and  that  they  are  sources  of  profit  to  their  owners,  and  also  indirectly 
an  addition  to  the  wealth  of  the  localities  in  which  they  are  located, 
seem  sufficient  reasons  why  such  springs  should  be  noted.  It  is  not 
proposed  to  discuss  the  relative  merits  of  the  vaiious  springs. 

The  tables  of  analyses  appended  to  the  lists  under  the  different  States 
will  give  an  idea  as  to  the  chemical  composition  of  the  various  waters. 
At  present  the  facts  as  to  the  therapeutic  action  of  our  mineral  waters 
are  so  meager  and  our  knowledge  of  their  effects  is  so  inexact  that  it 
would  be  useless  to  attempt  their  classification  from  a  therapeutic 
standpoint. 

Neither  are  the  data  sufficient  for  a  complete  reference  of  American 
springs  to  a  chemical  scheme  of  classification.  Of  the  more  than  eight 
thousand  springs  in  our  lists  only  a  few  more  than  eight  hundred  have 
been  analyzed,  so  that  the  definite  chemical  composition  of  at  lea^t 
uine-tenths  of  tbe  springs  is  still  unknown. 

The  classification  of  mineral  waters  is  a  subject  the  consideration  of 
which  would  require  a  separate  paper,  as  its  discussion  is  beset  with 
many  difficulties.  All  that  is  necessary  here  is  to  indicate  the  principal 
divisions,  to  one  or  another  of  which  the  springs  in  the  lists  have  been 
assigned  in  a  general  way.  First,  the  waters  are  characterized  in  regard 
to  their  temperatures,  as  either  thermal  or  non-thermal,  the  temperature 
column  in  the  tables  indicating,  in  most  cases,  to  which  of  these  classes 
the  springs  belong.  Secondly,  certain  gases  are  usually  present  in  the 
water  of  most  springs,  and  these  springs  are  indicated  by  the  terms 
c^bonated,  sulphureted,  carbureted,  &c.  They  are  also  mentioned  as 
chalybeate,  alkaline,  saline,  calcic,  silicions,  or  acid,  according  to  their 
predominant  or  characteristic  solid  constituents,  or  by  a  combination 
of  the  terms  when  more  than  one  is  present  in  large  quantity. 

Brine  springs  and  wells  (with  a  few  exceptions  where  they  have  been 
used  for  medicinal  purposes)  have  been  omitted  from  the  tables,  as  they 
are  generally  utilized  in  the  production  and  manufacture  of  salt,  and 
are  therefore  not  usually  applied  to  the  ordinary  uses  of  mineral  springs. 
They  also  formed  the  subject  of  separate  discussion  in  the  Mineral 
Besources,  1883-'84,  for  which  this  paper  was  originally  prepared. 

Tables  of  analyses  of  the  springs  for  i?ach  State  and  Territory,  so  far 
as  they  have  been  analyzed,  have  been  compiled,  and  an  attempt  has 
been  made  to  get  the  analyses  in  the  most  authentic  form.  The  results 
were  found  stated  in  some  thirty  or  more  ways. 

The  limited  time  in  which  this  paper  was  prepared  did  not  permit  the 
reduction  of  the  analyses  to  one  standard,  and  they  are  incorporated 
in  the  tables  mainly  as  given  in  the  sources  from  which  they  were  taken, 
with  the  exception  that  where  expresse<l  in  grains  to  fractions  of  the 
gallon  they  were  increased  to  grains  per  gallon.  When  not  otherwise 
stated  in  the  tables^  the  gallon  mentioned  is  the  standard  United  States 
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or  wine  gallon  of  231  cubic  inches.  Whenever  there  has  been  a  choice 
between  two  or  more  forms  preference  has  been  given  to  the  one  ex- 
pressed as  grains  per  gallon.  Although  this  is  not  the  most  scientiHc 
method,  the  majority  of  the  analyses  are  so  expressed.  Of  819  analyses 
496  are  stated  in  that  form.  It  is  popularly  supposed  to  be  the 
most  intelligible  to  the  greatest  number  of  persons.  But  it  may  be  ques- 
tioned whether  grains  per  gallon  is  an  expression  so  readily  undei stood 
as  parts  to  the  hundred  thousand  or  parts  in  one  million,  &o.  Com- 
paratively few  persons  have  very  definite  ideas  as  to  how  much  a  grain 
of  any  particular  substance  is.  When  the  results  of  analyses  are  ex- 
pressed as  grains  or  parts  in  100, 1,000, 6,000,  &c.,  it  is  only  a  matter  of 
simple  multiplication  to  bring  them  into  comparable  forms. 

The  figures  in  the  tables,  with  few  exceptions,  have  been  carried 
out  to  but  two  decimal  places.  Only  quantitative  analyses  are  included, 
Hind  where  several  analyses  of  a  water  have  been  made  all  are  given, 
wjth  the  dates,  as  far  as  they  could  be  ascertained. 

It  is  impossible  to  mentiou  here  all  those  to  whom  thanks  are  due  for 
data  used  in  the  preparation  of  the  chemical  tables.  In'  connection 
with  each  analysis  is  given  the  name  of  the  analyst.  A  great  many  of 
the  analyses  have  been  taken  from  State  geological  reports,  and  par- 
ticularly from  reports  of  Oovemment  explorations  in  the  case  of  the 
Western  States.  Various  correspondents  and  spring-owners  through- 
out the  whole  country  have  contributed  information  under  this  head. 
Others  to  whom  the  writer  is  especially  indebted  are  mentioned  under 
the  different  State  headings  in  the  following  pages. 

The  grouping  of  the  mineral  springs  of  the  United  States  geograph- 
ically has  been  by  States,  according  to  the  scheme  of  subdivision  pro- 
posed by  Mr.  Henry  Gannett,  geographer  of  the  Tenth  Census.^  This 
brings  the  springs  of  each  region  into  the  same  section  and  seems  pref- 
erable in  the  present  case  to  an  alphabetic  arrangement. 

The  preliminary  character  of  this  paper  must  be  kept  in  view,  and  it 
will  be  esteemed  a  favor  if  attention  is  called  to  any  errors  or  cases  of 
duplication  that  may  have  crept  into  these  pages. 

NORTHERN  ATLANTIC  STATES. 

The  Northern  Atlantic  States  might,  perhaps,  be  divided,  so  for  as 
their  geological  features  are  concerned,  into  two  divisions,  viz,  the  New 
England  States  and  those  formerly  included  with  the  Middle  States. 

In  the  former  the  rocks  are  of  the  older  formations,  referable  mainly 
to  the  Archean,  sedimentary  rocks  occupying  relatively  small  areas. 
To  this  is,  perhaps,  due  the  fact  that  the  springs  are,  as  a  rule,  some- 
what less  mineralized  than  are  those  of  the  remaining  States.  Alkaline 
waters  are  more  frequent  in  the  New  England  States  than  in  the  Middle 
'Census  Bulletin  No.  277,  November  1,  1881. 
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States;  but,  in  both,  snlphureted  and  chalybeate  springs  predominate, 
forming  more  than  one-half  the  whole  number. 

The  l^orthern  Atlantic  States  naturally  have  the  greatest  number  of 
waters  that  are  used  commercially.  This  section  has  the  greatest  pop- 
ulation in  proportion  to  its  area,  has  long  been  settled,  and  is  wealthi- 
est. All  these  are  reasons  why  we  might  expect  to  find  mineral  waters 
used  to  a  greater  extent. 

Summary  for  NoYthem  AtlanHo  States. 


States. 


Number  of 
spring  lo- 
calities. 


Number  of 
individual 
springs. 


Number  of 
springe 
analyzed. 


Number  of 
spring  lo- 
calities 
utilised 
as  resorts. 


Number 
of  springs 
used  com- 
mercially. 


Total  num- 
ber  of 
analyses. 


Ifaine 

New  Hampshire 

Vermont 

Massachusetts  . 
Rhode  Island... 
Connecticut .... 

New  York 

New  Jersey 

Pennsylvania . . . 

Total 


41 
12 
47 
24 
6 
16 
200 
18 
46 


40 
27 
74 
81 
17 
20 
848 
13 


406 


667 


166 


74 


72 


22 
8 

2 
2 

M 
8 
88 


187 


HilNE. 

The  mineral  springs  of  Maine  belong  to  the  classes  of  alkaline,  saline, 
and  chalybeate  waters,  the  last  predominating.  Many  are  sulphu- 
reted  and  a  few  carbonated.  None  is  thermal,  the  highest  tempera- 
ture attained,  so  far  as  we  can  learn,  being  but  5(P  Fahr.  Most  of  the 
temperatures  range  from  40^  Fahr.  to  46^  Fahr. 

The  amount  of  mineral  matter  contained  in  the  waters  is  usually 
small  and- some  of  the  waters  would  be  classed  as  chemically  indiffeiP- 
ent.  A  considerable  number  are  utilized,  both  commercially  ipd  as 
places  of  resort.  Dr.  Goodale's  <<  report  on  the  mineral  waters  of 
Maine,"  in  the  sixth  annual  report  of  Professor  Hitchcock  to  the  Mcune 
board  of  agriculture,  made  in  1861,  is  about  the  only  publication  in 
which  the  mineral  waters  of  the  State  are  treated  of  systematically. 
Since  that  date,  however,  a  number  of  springs  have  been  discovered, 
and  several  of  them  brought  into  prominent  notice,  while  others,  then 
used  as  resorts,  have  fallen  into  disuse. 
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o 
o  a 

as* 

a 

ll 

ChAracterofthe 
water. 

Bemarks. 

AdaiBon    Mineral    Spring.    Addison, 

WaahingtoB  County. 
American  Chalybeate  Sprinfi:,  South 

Aubarn  Mineral  Spring,  South  Auburn, 

AndroHCOCgin  Cfounty. 
Bethel   Spring,  near  bethel,    Oxford 

Count  V. 
Boothbay  Medicinal  Mineral  Spring 

East  IkMthbay.  Lincoln  County. 
Chalybeate  tpringg: 

At  Andover,  Oxford  County 

1 
1 

1 

1,800 

o 
45 

Alkaline,  calolc. 

Alkaline 

...  do 

The  water  is  sold. 
Do. 

Da 

42 
46 

Chalybeate  and 

sulphureted. 
Solphureted.... 

1 

300 

Used  oommercially  and 
as  a  resort. 

At  Biddeford,  York  County 

At  Dixmont,  Penobscot  County — 
At  Gorhom,  Cumberland  County. . . 

1 

At  Harpswell,  Cumberland  County 
At  Newrv,  Oxford  County 

•"•■ 

•      At  Tonsh'am.  Saimdahoc  ^'^otintv 

On  Island  in  Portland  harbor,  Cum- 

berland County. 
On  Uppi^r   St.  John,  near  Great 
Black  River.  Aroostook  County. 
Crystal  Spring,  1  mile  south  of  Auburn, 

Andro((coggin  Connty. 
Dexter  Chalybeate   Spring,   Dexter, 

Penob»cot  Connty. 
£beeme  Spring 

1 

Water  is  sold. 

Carbonated, 
•  chalybeate. 
do 

Fryeburg  Spring,  -west  part  of  Frye- 
borg,  Oxford  County. 

Hartlord  Cold  Springs,  Hartford,  Ox- 
ford County. 

Katahdin  Mineral  Springs.  Katahdin 

3 
3 

1 

43 
45 

Saline 

TTsAd  emnmereiallr  and 

Snlpbo- chalyb- 
eate. 
Alkaline 

Saline 

as  a  resort 
Besort. 

Iron  Works,  Piscataquis  County. 

Lake  Auburn  Mineral  Spring,  North 
Auburn,  Androscoggin  County. 

Lubeo  Snlino  Springs,  bead  of  Lubec 
Bay,  Washington  (^ounty. 

Ludlow  Mineral  Spring.  Ludlow  Town- 
ship, Aroostook  County. 

Mnchiasport  Spring,  went  part  of  Ma- 
chiasport,  Washington  County. 

Mount  Zircon  Spring.  Milton  Planta- 
tion, Oxford  Coimty. 

North  Waterfonl  Springs,  northwest 
of  Watorfoitl  Village,  OxfonI  County. 

«I*8Tadise    Spriug,    near     Brunswick, 
Cumberland  County. 

Poland  Spring,  South'  Poland,  Audro- 
Bcog^n  County. 

Poland  Silica  Springs,  South  Poland, 

2,000 

40 

XJaed  oommercially  aol 
as  a  resort 

1 

40 

Saline 

40 

....do 

Sulpho  •  chalyb- 
eate. 

1 
1 
3 

Very  pure  water,  8ai«l  to 
have  medicin.il  effecL 

Used  commercially  and 
as  a  resort 
Do. 

400 
4RQ4. 

51 
50 

Alkaline 

...  do  .  

Andro8C025iin  County. 

Kosicnicinn  Springs,  Ro.sicracian.  Lin- 
coln County. 

Samoset  Mineral    Springs,  Noblobor- 

3-f       800 

Alkaline,  saline 

Alkaline 

Alkaline,     cha- 
lybeato. 

Do. 

ougli,  Lincoln  County. 
Scarborough  Mineral  Spring,  Scarbor- 
ough, Cumberland  Count>. 
Sulphur  springM : 

In  New  Limerick  Township,  Aroos 

took  Co. 
In  Sar-carappa,CumberlAnd  County 

1 

300 

45 

Near  Well  a.  York  Coun  t  y 

Near  Mount  Pleuaant,  Oxford  Co  .. 



Sulpho  -  chalyb- 
eate. 
Alkaline 

Summit    Mineral    Spring,    Harrison, 

Cumberland  County. 
Togus  Spring,  near  Augusta,  Kenne- 

beo  County. 
Vienna  Sprins,  Vienna,  Kennebec  Co. . 
West  Bethel  Sprine,  near  West  Bethel 

Station.  Oxfortl  Connty. 
West  Nowfield  Spring,  2  miles  from 

West  Newfleld,  York  County. 

1 

2,280 

46 

Do. 

i2 

Carbonated,  cha- 
lybeate. 
Sulphureted  — 

Was  onoe  a  resort 

• 

1"' 
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Constitaenta. 

Samoset  Min- 
eral Springs. 

Scarborough  Spring. 

Summit  Min- 
eral Spring. 

West  Bethel 
Spring. 

Sodimn  carbonAte 

Qt».  per  gaXL*^ 

Chrt.  in  10,000.**!  ^*'  ^^  ^^'' 

QT8.vwgaU.^ 
•1.402 

Qra.  in  O.OOO." 

Sodinm  bicarbonAve     .... 

16.  ao 

1.27 

MAirDnAiiim  0Arbon%t4«  ^  -  - 

0.248 

Magnesimn  bicarbonate. . 
Calciam  carbonate  ....... 

0.89 

0.98 

Trace 

0.990 

Caloiuni  bicarbonate 

1.09 

1.65 

Iron  carbonate 

2.24 

Iron  bicarbonate 

2.28 

1.54 

a84 

Potassium  sulphate 

^■cm^iRinnn  imlnYiAftA  . 

2.01 
1.02 

Calcium  sulphate 

Iron  sulphate 

3.07 

0.82 

2.23 

Aluminiom  sulphate 

0.32 

Sodium  chloride 

1.09 

26.05 

0.52 

2.12 

Trace 

1.06 

.    0.171 

Potassium  chloride. ...... 

Magneeium  chloride ...... 

Ma£nesium  bromide 

PoUsh 

Trace 
Trace 

Alnniin^ 

Trace 

Trace 

Magnesia 

0.10 

Liime 

, 

0.04 

Silica  ..i 

0.73 
Trace 

0.98 

0.980 
\           0.238^ 

Organic  matter 

9 

"Volatile  matter 

Lose 

0.18 

0.99 

Total 

24.85 

31.90                      9.09 

4.029 

5.92 

Lubec  Saline 
Springs. 

North  Water- 
ford  Springs. 

Paradise 
Spring. 

Poland  Silica  Springs. 

Constituents. 

Star  Spring. 

Fountain  Head 
Spring. 

Chrg.imp.gaUJ 

Grt.  in  8,000,'» 

Org.  per  gall.* 
0.36 
0.06 

Qt8.  ptr  gaXLX 

(7r#.  per  gall.s 

VA^nHainm  carbonfttfi 

0.82 

M2ifni6AiQin  bicsirbonatd 

Traces 

6.25 

0.07 

2.33 

Calcium  bicarbonate  .... 

1.39 

Iron  carbon&te       .  . 

2.50 
27.98 

.          2.24 

Sodium  sulnhate    

0.42 

Potassium  sulphate 

0.90 

0.12 

Calcium  sulphate 

11.21 

0.06 

4.01 
2.73 

AlnmiiiiTini  8iili>hflito 

Soiiimn  dilorido  .-..-.  * . 

199.00 

ei'si" 

1            12.72| 

0  02 
0.04 

4.85 

1.61 

PotAAftinTQ  chlorido 

(*alcium  chloride 

Loss 

Iron  oside    .     ... 

Trace. 

Alumina 

"0.32 

Magnesia 

I        •«•{ 

Lime        .     .    . 

Silica 



0.38 

0.58 
2.25 

0.93 

Organic  matter 

Total 

322.50 

7.25     1                  0.00    1                14.29    i                      3.95 

1 

*  Henry  Camiichael,  analyst. 

"  George  L.  Groodale,  analyst  (1861). 
0  S.  Dana  Hayes,  analyst  (1876). 

*  F.  L.  BarUett,  analyst  (1875). 


nth  poti 

f  C.  T.  Jackson,  analyst. 
I F.  L.  Bartlott,  analyst. 
^  With  iron. 
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Aw 

1 

Poland 

ral  springs  in  Maine — Continaed. 

Coii8tlta«nts. 

Spring. 

Boecioruoian      Ashbnrton 
Spring.             Spring. 

Addison  Min. 
eral^ring. 

1 

On.  per  gaXL* 
Sodlam  carbonate 0. 00 

Org.  per  gaU.* 

Gra.  per  gaU.* 

Ors.pergaU.^ 

Sodinm  bicarbonate  

7.48 

0.M 

0.443 

Magnesium  carbonate '               o.  an 

0.54 

Magnesium  bicarbonate. . 

1.04 

0.90 

1.122 

Calcium  carbonate 

.     1.86 

1.23 

Ciiloiam  bicarbonate 

2.67 

0.47 

2.646 

Iron  carbonate 

Traoe 

Iron  bicarbonate  

1.651 

Sodium  sulphate 

2.  SI 

a2«6 

Potassium  sulphate 

Calcium  sulphate 

0.18 

0.16 

a  10 

0.601 
0.604 

Sodium  chloride    

0.47 

0. 26    '              \ik.M 

0.20 

0.887 

Sodjumiodide    

}         Trace! 

Sodium  bromide 

(^alcium  fluoride 

Trace 
Trace 

Lithia      

1 

Iron  oxide 

Traoe    ,               0. 07 
Trace                  o.  oa 

}         Traeef 

Alumina 

Trace 
1.07 

Trace 

Silica 

1.12 

Trace 

Silicic  acid  in  solution  . . . 

1.02 

ao6 

Organic  mat%r 

0.28 

[             a23 

Volatile  matter 

j::::::: ::::: 

Total.* 

3.75 

3.67                   8&43 

A  Aft 

8.140 

1 

Constituents. 


Boothbay 

Medicinal 

Spring. 


Ebeeme 
Spring. 


Fryebnrg 
Spring. 


Sodium  bicarbonate 

Magnesium  bicarbonate. 

Calcium  bicarbonate 

Iron  carbonate 

Iron  bicarbonate     

Potassium  sulphate 

Calcium  sulphate 

Iron  sulphate 

Sodinm  chloride 

Potassium  chloride 

Magnesium  chloride 

Iron  oxide 

Alumina 

Magnesia 

Lime   

SQica 

Silicic  acid  in  solution  . . 
Organic  matter 


Ort,  per  gaU.* 


1.01 
3.83 


2.73 
1.00 


0.81 
1.88 


Trace 


0.64 


Trace 


Total. 


12L30 


Hartford  Cold  I  ^^.;fj^™ 
'      Springs.      I      f^--^f 


Ore.  in  6,000.< 


5.62 


>2.01 
1.28 


Grt.  in  6,000.' 

i'io" 


1.21 


Gri.  per  gaU.* 


1.02 
28.27 


0.81 
4.05 


12.80 
1.07 
0.07 


Qr$.  per  gaU  * 
1.20 

0.9O 
0.43 


0.18 
"0.'S6 


0.11 


0.10 


0.24 
"0.48' 


Trace 
Trace 


t 


1.41 


&07    ! 


8.41 


44.68 


3.78 


Constituents. 


American  Cha*     Auburn  Mineral 
I  lybeate  Spring.  Spi-iug. 


Calcium  carbonate 

Magnesium  carbonate  . 

Iron  carbonate 

Potassium  sulphate.  ... 

Iron  sulphate 

Sodium  chloride 

Iron 


I  Chraifu  per  gaU.  i    Oraiw  per  gail.  i 


3.085 
1.102 
0.737 
0.844 
0.320 
0.834 


0.814 
0.128 


0.229 


Silica 

Organic  matter  . 


0.648r 
0.242 


0.176 
Traoe 
Trace 
0.683 
0.242 


Total  . 


•I 


8.162 


2.272 


•  F.  L.  Bartlett  analyst  (1870). 
k  C.  P.  Chandler,  analyst. 

•  S.  Dana  Hayes,  analyst  (1877). 
'  S.  Dana  Hayes,  analyst. 

•  F.  L.  Bortlett,  analyst  (November  15, 1883). 


(144) 


'  <2h)orge  L.  Goodale  (1861). 

I  Analyzed  1882. 

k  S.  Dana  Hayes,  analyst  (1879). 

i  With  alumina. 

J  F.  L.  Bartlett,  analyst  (1878). 
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NEW  HAMPSHIEE. 

Mr.  G.  W.  Hawes,  in  Hitchcock's  Geology  of  New  Hampshire,  says 
there  are  a  large  number  of  mineral  springs  in  various  parts  of  the 
State  and  that  chalybeate  waters  are  the  most  common.  He  mentions 
those  of  Pittsfield,  Amherst,  and  Unity  as  the  best  known.  Walton's 
book  gives  four  localities.  Pepper's  list  includes  nine.  In  the  present 
catalogue  the  number  is  increased  to  eleven. 

A  fair  proportion  are  utilized  commercially  or  as  resorts,  although 
as  a  rule  the  springs  are  not  highly  mineralized.    In  this  respect  they 
agree  with  most  of  the  springs  in  the  other  New  England  States. 
Mineral  springs  of  New  Bampehire, 


]7ame  and  location. 

1 

I 

i 

ft 

t 

Character  of  the 

water. 

Bemarks, 

▲benaquis  Springs,  Walpole,  Cheahire 
County. 

Amherst  Soda  Springs,  two  miles  from 
Amherst,  Hillsboroagh  County. 

Birchdale  Springs,  near  Concord,  Mer- 
rimack County. 

Bradford  Mineral  Spring,  Bradford, 
Merrimack  County. 

Charlestown    Springs,    Charlestown, 

Sallivan  County. 
Milf«>rd  (Poncmah)  Springs,  Milford, 

Hillsboroucrh  County. 
Moultonborough  Mineral  Spring, Monl- 

tonboToagh,  Carroll  County. 
Pine  Grove  or  Amherst  Minei-al  Spring, 

Amherst,  Hillsborough  County. 
Sulpho-Chalybeate  Spring,  half  mile 

northeast  of  Pittsfield,  Merrimack 

County. 
Unity  or  Fnitoga  Springs,  East  Unity, 

Sullivan  County. 
White  Mountain  Mineral  Spring,  Con- 
way, Carroll  County. 
Tacum     Spring,    Gofistown    Centre, 

Hillsborough  County. 

2 
3 

1 

o 

Besort 

Calcic,    chalyb- 
eate. 

Carbonated,  sa- 
line. 

Chalybeate 

Chalybeate,  dtc . 

Chalybeate 

Calcic,    chalyb- 
eate. 

Used  commercially  and 

as  a  resort. 
Used  commercially  to  a 

limited  extent  and  as 

a  resort. 
Unimportant. 

Used  commercially  and 
as  a  resort. 

to  1882. 
Resort. 

2.000 

46 

4 

1 
1 

440 

200 

60 

.... 

10 

500+ 

48 

Alkaline  or  cal- 
cic saline.  (?) 
AlkaUne 

Chalybeate 

Do. 
Used  commercially  and 

1 

120 

48 

as  a  resort. 
Resort. 

Analyses  of  mineral  springs  in  Netv  Hampshire. 
MUford  Springs. 


Constitoents. 

Iron  Spring. 

Magnesia  Spring. 

Ponemah  Spring. 

Milford  Spring. 

Sodium  carbonate 

Grains  per  galL^ 

Oraint  per  gaU.* 

Oraint  per  gaU.^ 

o'.u 

QraingpergdU.* 

C&lcinin  ctftrboiiAtB. .••••••••. 

2.00 

« 

Sodium  chloride 

0.40 
..-. 

1.00 

0.20 
0.37 
0.07 

0.00 

Sodium  sulphate 

Potmuiinm  nnlnhate 

0.40 

0.60 

1.80 

Calcium  sulphate  ,.^... ,...,, r 

L04 

2.00 

Trace 

Mft<mM|{nin'||nlT>hate , 

1.04 

1.00 

Iron  oxide ... 

0.09 
1.24 

Silica 

Trace 

1.01 

A^nmina t ....-r^..^.**** 

•L04^ 

Magnesift 

Trace 

0.48 

Present 

wtSr!?.::::.... .;.::...   : 

Carbonic  aeid 

In  excess 

Present 

Present 

Total ,     

2.88 

6.04 

8.03 

5.81 

•  George  E.  Sewell,  analyst  (1882). 

Boll.  32 2 


^  John  M.  Ordway,  analyst  (1888). 


•  With  soda. 
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Analyses  of  mineral  springs  in  New  Hampshire — Continued. 


Blrobdale 

Springs^Con- 

oordapring. 

White  Moantain 
Mineral  Spring. 

Pine  Grore 
Mineral  Spring. 

'^».- 

Sodium  oarbonace 

p0rgaUon.* 

GnUns 
pm-gaXUm.^ 

QmiiMptir 
imp.  gatton.* 
0.18 

pwgalUmA 

0.1» 

•.22 

CMcinm  f*-iirb4ii^te ,  -  r  r 

.&66 

Calrium  bicfffboDAtA , 

2.09 

0.65 
0.11 

4.17 

Macneninm  oarbonaie    

ii7 

Iron  carbonate ... 

0.84 

ass 

Trace 

1.80 

Xron  bioarbonato  ............ 

0.S7 
0.88 
0.26 
0.07 

Sodlam  eblorlde 

0.47 

0.87 

0.i2 

Sodium  sulphate 

Potassinm  Rulnliate 

0.18 

0.85 
L63 

0.10 

Calcium  sulphate 

0.S1 

Sodium  phosphate 

Iron  oxide 

0.01 

2.16 

Silica 

0.92 
0.12 
0.67 

0.67 
Trace 

{         -"l 

Alumina 

0.M 

Orf(anic  matter 

Crenio  acid 

8.87 
tTndetennlned 

2.88 

Carbonic  acid 

Total 

5.92 

2.08 

15.52 

11.  ff 

«  C.F.  Chandler,  analyst  (1878). 
•»  F.  L.  Bartlett,  analyst  ( 


*  James  A.  Baboodk,  analyst 
'  8.  Dana  Hayes,  analyst  (1874). 


VERMONT. 

In  general  the  springs  of  Vermont  are  much  like  those  of  Maine  and 
New  Hampshire,  except  that  they  usually  contain  a  larger  proportion 
of  mineral  matter.  This  may  be  due  in  part  to  the  fact  that  the  rocks 
through  which  the  springs  rise  belong  more  frequently  to  the  sedi- 
mentary series.  Sulphureted  springs  are  most  abundant.  Of  the 
springs  whose  character  is  indicated  on  the  list,  nearly  all  are  included 
in  this  class*  Calcareous  tufa  is  found  in  connection  with  many  of  the 
springs. 

Prof.  Edward  Hitchcock,  in  a  letter  to  Prof.  C.  B.  Adams,^  in  1846, 
describes  a  thermal  spring  at  Bennington.  He  does  not  give  the  tem- 
perature, but  compares  it  with  the  spring  at  Williamstown,  Mass., 
which  is  only  slightly  thermal.  Clarendon,  Alburgh,  and  Highgate 
springs  appear  to  be  the  b^st  known  springs,  although  others  are  also 
largely  used.  The  Clarendon  springs  are  said  to  have  been  used 
medicinally  in  1776,  Alburgh  has  been  a  place  of  resort  since  1816, 
and  tlie  use  of  Highgate  dates  back  to  1840. 

'  Second  Annaal  BeiK>rt  on  Qeology  of  Vermont,  p.  250.    Bnrlington,  1846. 
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K^Mne  Mid  looalion. 

• 

1 
^ 

t. 

1 
1 

Character  of  the 
water. 

Bemarka. 

Albnrgb  Springs,  Alb^rgh  Springs, 
Qrand  Isle  Connty. 

8 
8 
2 

45 

o 
53 

Saline,   snlphu- 
Chalybeate  and 
Snlphureted 

ITsed  commercially  and 
asaxesort. 
Do. 

Springs,  Grand  Islo  County. 
Bane  Minnrsl  Springs,  Baire,  Wasbtng- 

Resort 

ton  Coonty. 

Bennington  Tbennal  Spring,  Benning- 
ton, Bennington  Cofunty. 

Berkshire  Mineral  Springs,  West  Berk- 

2 
1 
6 

Snlphnreted.... 

Sulphureted .... 

Chalybeate  and 
sulphureted. 

. 

shlro.  Franklin  County. 
Bower  Spring,  near  Hartland,  Windsor 

Was  a  resort  at  one  time. 

Connty. 
Bmnswiok  White  Sulphur  Springs, 

Brunswick.  Essex  Connty. 
Central    Spring,    Sheldon,    Franklin 

1,000 

48 

as  a  resort. 

County. 
ChpnplAii)     Rprii^g,    TiMir    Hlghgate, 

1 

100 

Little  used  at  present. 

rranklin  County.' 
Chester  Medicinal  Spring,  near  Ches- 

Sulpho-cbalyb- 
eate. 

Carbonated,  cal- 
cic. 

Saline 

Saline,  ohalyb- 

ter,  Windsor  County. 
Clarendon  Mineral  Springs,  Clarendon 

Blgln  Spring.  Panton,  Addison  County. 
Guilfocd    Mineral    Springs,  Guilfoxd 

1 
8 

1 

...•:!! 

46 
to 
60 
46 

ITsed  commercially  and 
as  a  resort 

Used  commercially. 
Five  or  six  years  ago 

Centre,  Windham  Conn^. 

Baynes  Mineral    Spring,  Hardwick, 

Harrington  Springs,  2  miles  north  of 
Quechee,  Windsor  Connty. 

Iodine  Springs,  near  Berkshire,  Frank* 

used  commercially  and 
as  a  resort. 
Was  once  a  resort 

Snlpho-saline... 
Sulphureted.... 
Chalybeate 

Resort 

6 

1 

Un  County. 
Lnnenbarffh    Chalybeate    Mineral 

Spring,  Lunenburgh,  Bssex  County. 
Martin's  Spring,  north  part  of  Shafts- 

66 

48 

Resort;    also    sold    to 

some  extent 
Unimproved ;   once  had 

bury,  Bennington  County. 

Middletown  Mineral  Springs,  Middle- 
town  Springs,  Butland  Connty. 
Mineral.aprifui9: 

Near  Back,  or  PUotsbnrg,  North 

8 

considerable    reputa- 
tion. 
Used  commercially  and 

as  a  resort 

Hero,  Grand  Isle  County. 
In  South  Hero,  Grand  Isle  Countv, 

2 

West  of  Stowe,  Lamoille  Connty  T . . 

.................. 

In  WllliamntowD,  Orange  County.. 

In  Cabot,  Washington  County  .."... 

2 

Iron  and  sulphur 

Unimportant 

In  Vernon.  Wind&m  County 

MissiMnoi   Spring,  8  miles  south  of 
Sheldon,  Franklin  County. 

Newbury  Springs  (Montebello  Springs), 
Newbury,  Orange  County. 

North  Wolcott  Spring,  North  Wolcott, 

Lamoille  County. 
Flainfield    Spring,    Plainfleld,  Wash- 

Used  oommerclaUy. 

1 
•      1 

c 

120+ 

48 
to 
56 

Sulphureted.  oal- 
•    cicandchalyb- 
S   aate. 

Resort 
Was  once  a  resort. 

Sulphureted.... 

ington  County."" 
Sanderson   Spriug,  8  miles  south   of 

Woodstock.  Windsor  Connty. 
Sheldon   Spring,    Sheldon,    Franklin 

Connty. 
Sudbury   Mineral   Springs,  Sudbury, 

Rutland  Connty. 
Sulphur  anringt : 

Northeast  of  Orwell  Centre,  Addi- 

Used medicinally  to  a 

1 

800 

45 

Alkaline,  saline. 

limited  extent 
Used  commercially  and 
as  a  resort. 

Has  local  repatatloii. 

son  County. 
Two  miles  west  of  Tnnbridge,  Or- 
ange Connty. 
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Mineral  9pHng$ 

KmBandloeMloB. 

1 

1 

1 

Chaxaetaroftlie 

water. 

Semarks. 

Ortnjee  Comity. 

o 

Windsor  Countr. 
KeftT  Andover,  Wioobor  Coan^  . . . 

Western  iMrt  of  Sndbary,  RotJiand 

Loealrepntatioo. 

Comity.                  , 
KearChe]MA.Oranfl:e  Co 

8 

Western  part  of  Craftsbiiry,  Or> 

leans  Comity. 
Northeast  of  Sfeowe,  Lamoille  Co.. 

Near  Bast  Hontpelier,  Washington 
Comity. 
TermontSpiinga,  Sheldon,  FranUinCo. 

1 

Notimportaai. 

Warren  Stirinire,  eastom  part  of  War- 
ren, Washington  Connty. 
WeldenSprinies,  fSt  Albans,  J^ranklin 

County."  ' 

Analy8t$  of  miMral  gprings  in  Vermont, 

Albnrgh 
Springe. 

Clarendon 
Springs. 

Onnford  HSneial  Springs. 

Spring  l^al. 

SoKdt, 
Sodinm  carbonate  

Grains 
per  gallon,* 

GraSnt 
psrffoUon.^ 

Gralnt 
psrgatton.* 
2.40 
0.60 
19il8 
2L00 

Grains 
per  gdUon.* 

Grains  in  1 

eub%e/l.,abotU 

IgaUtms* 

25.74 

Ifagnesinm  carbonate | 

10.12 

Oalcliifn  carbonate 

8.02 

2&81 

Iron  carbonate 

ia68 

Manganese  carbonate  . . . 

9l41 

Maffnesiam  snlphate 

}           .1L74{ 

Sodinm  sulphate 



7.11 
'0.80 

Potossium  nalpbate 

Calcium  sulphate    

1.15 

Sudium  chloride 

8.76 

2.41 

^  1.74 

Potassium  chloride 

10.48 

Ma;!nesinm  chloride 

S.02 
■4.81 

Calcium  chloride 

8od.i 

0l76 
LU 
1.51 
a  74 

Trace 
0.85 

Trace 
0.58 
a88 
0.69 
9.17 
0.09 

Potash 

Ma^esia 

Limo 

Ammonia     ., 

FetTous  ozido 

Alumina 

0L67 

Sodium 

Chlorino ! .- 

Rulphuricacid......: 

Cnronnic  acid  (combined) 

Silicioacid 

luftoluble  eilic<i 

»0.60 

iDHcIuble  matusr 

0.80 

Cpo nic  acid 

\      -^\ 

Organic  matter 

5u60 

Organic  soil  acid 

}       -•»{ 

Jxnn 

0.40 

Total 

aaoo 

9.76 

80.18 

26.92 

98.75 

Oases. 
Carbonic  acid 

46.16 
0.63 

•C.  T.Jackson,  analyst  (1868). 

i>  A.  A.  Haves,  analynt. 

•  A.  A.  and  S.  Dana  Hayes,  analysts  (1860). 

«Potar  Corner,  analyst 

(148) 


•  With  calcium  chloride. 
'With  potassium  sulphide. 
I  With  calcium  carbonate, 
k  With  traces  of  nitrate  of  potash. 
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Constitaeiits. 

Highgate  Springs. 

ir  Novbarv 

Sheldon 

Champlain 
Spring. 

Name 
unknown. 

Springs. 

Spring. 

Sodlnm  cftrbonate 

OraiM 
peroatton.* 
1.22 
8.67 
L22 
L02 
Trace 

GraUu 
pergaUon.^ 
18.70 

0nwfur 
^       0.40 

Qraint 
pergaUtm.* 

Graint 
per  poUon.' 

Magnesiom  carbonato. . . . 
Cftlciam  carbonate 

6.88 
L40 

0.24 
17.60 

4&04 

0.40 
0.24 

2.46 

17.12 
13.20 
48.60 

{rfllcinm  nnmhatA            j 

Iron  snlnhato           ... 

0.40 
0.32 

Sodiam  chloride 

... 
0.17 
0.74 

28.44 

Maenesiiim  chloride 

84.00 

SodTnin  anl-ohide 

0.32 

Soda         .  ' 

4.01 

0.09 

Maffneaia 

0.17 

Lime.. 

1.06 

Ammonia .-  ...r 

»             Trace 
0.01 
0.16 

Ferrona  oxide 

0.08 

Trace 

Sodinm    ...  . 

' 

Chlorine 

0.16 

Salphnrioacid 

0.61 

Carhonicaoid  (combined). 
Silicic  acid 

2.11 

a8i 

4.60 

Jnsolable  silica 

aso 

'0.24 

Orjcanic  matter 

1                 2.87 

Crenio  acid 

0.00 

Loae 

8.64 

. 

Total 

0.78 

40.82 

87.60 

167.96    1                  15.76 

1 

*  A.  A.  Hayes,  analyst. 

^T.  Sterry  Hunt,  analyst  (1867). 

•  Professor  Hall,  analyst 


*  I.  P.  Dix,  analyst. 

•  S.  Dana  Hayes,  analyst  (1867). 
'  With  ammonia. 


MASSACHUSETTS. 

The  state  of  Massachusetts  is  not  remarkable  for  the  occarrence  of 
mineral  springs.  The  list  contains  twenty-one  localities.  In  most  lists 
only  two  are  incladed,  viz,  Hopkinton  Springs  and  the  Berkshire  Soda 
Springs.  The  former  was  once  an  important  place  of  resort,  but  at 
present  its  springs  are  not  utilized  to  any  considerable  extent.  Brook- 
field  and  Shutesbury  were  also  once  much  frequented. 

Professor  Hitchcock,  in  the  reports  on  the  geology  of  Massachusetts 
made  in  1833  and  1849,  says  that  chalybeate  springs  are  common 
throughout  the  State,  occurring  in  nearly  every  town,  usually  rising  in 
low  ground  containing  bog  iron.  Many  of  these  springs  have  a  local 
reputation  and  a  few  are  used  commercially.  Such  analyses  as  have 
been  made  show  that  as  a  rule  the  waters  are  not  highly  mineralized. 
A  mineral  spring  near  Williamstown  is  said  to  be  slightly  thermal  and 
in  the  extreme  southwestern  part  of  the  State,  near  Mount  Washing- 
ton, there  is  reported  to  be  another  similar  spring. 
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KameaBdlooatioo. 

1 

Flow  in  gallons  per 
hour. 

Pi 

H 

Character  of  the 
water. 

Bemarks. 

Berkshire  Soda  Spring!,  near  Great  Bar- 

rington,  Berkshire  Goonty. 
Bethleheni    Spring.   Worcester    Co., 

near  Braggrille. 
BrookfleldH^iing,  Brookfldd,  Wor- 

cester  County. 
Ohaiubeatsmingt: 

South  Ridley,  Kampshixv  County . 
DAArfl^id,  iN^kl*n  fviinty 

2 

1 

1,2S0 

o 
^to> 

Alkaline 

Used  commercially. 
Do. 

Alkaline 

Carbonated 
chalybeate. 

Do 

2 

100 

00 

Unimproved. 

Middlesex  County. 

k 

2 
2 

1 
1 

1 

!6o5 

Slightly  ohalyb-) 
eate.                5 

Sulpho  •  chalyb- 
eate. 
Alkaline 

Carbonated 

Calcic-saline.... 

Carbonated 

chalybeate. 
Carbonated 

CTsed  commercially. 
Besort 

1, 

000 

48 

as  a  resort. 
Used  commercially. 

Was  once  a  resort 

1- 

3.000 

^ 

p. 

Onoe  used  as  a  resozt. 

1, 

Tep- 
id: 
46 

Contains  nitro- 
gen gas. 

t- 

e, 

Sulphureted  .... 

^, 

1 
8 

Once  used  as  a  T<wort. 

ft 

Do. 

It 

(160) 
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AllandaJe 
Spring. 

Bethlehem 
Spring. 

ftmlinin  oftrhonate. 

Graini 
pergaOon.* 
0.08 

Qroint 
ptrgaXUmy 
0.27 

Orains 
pergtaion." 

Orains 
pergaUonA 
0.70 

8odinTn  hlfiarbofnAtA 

0.10 

M^ffn^9iii<n  <*-ATboiiAto .....n-r 

0.40 

0.56 

L43 

0.76 

a70 

0.60 

4.27 

Calcinm  MflarlMiiAio. . ...- 

1.88 

Tn>f|  4»Arknna.tA                           

0.02 

0.07 
0.08 
0.88 
0.14 
0.81 

Sofll^>ni  ttnlphftto. t 

0.87 
0.15 
0.88 

PntAfMiinm  linltifiAtA 

0.41 
0.08 
0.87 

0:07 

Sodinm  ohloriae 

1.18 

Silicic  acid  in  solution 

0.67 

f^ill^Mi                                 .             .r r 

0.57 

a« 

Iron 

Trace 
Traoe 

Trace 

Alumina 

Oriranin  inftttAT                     ........... 

0.20 
0.30. 



0.27 
0.80 

Ho  trace 

Water  of  favdratimi  

Total 

8.80 

8.48 

4.01 

&41 

CoLdbTook  Springs. 

Sverett  Crys- 
tal Spring. 

Commonwealth 
Spring. 

No.  1,  sulpbnr 
spring. 

Na  2,  iron 
spring. 

Grains 
ptr  gaUon.* 

Qraina 
pergaOon.* 

Parts 
psrhOOOJ 

Ormns 
purgation.* 

0.601 

Maimflaiiim  bicarbonate   

0.181 

0.0213 

0.447 

PotanBi""*  ■nlpbfttft .................. 

0.611 

Calcium  anlpliate 

0.0350 
Trace 
0.0060 
0.0342 

Nitrates     

ftndf  nm  oblnriilA 

0.840 

1.27 

Lll 

0.870 

SiUca   

0.0160 

Inm  oxtde       ..                  .  . 

<«) 

0.82 

Iron  ...-- '. 

Trace 

i             Traoe 

Alumina ..... 

Lime 

a  81 
0.26 
1.48 
0.41 

\              0.70 

MagD^if^   ........     . 

PntAMb  And  ivWIa 

0.50 

Cblorine 

Snlpbur .. 

0.22^ 

Snlphurlfl  aoid " ! . .  r .  r 

Ammonia  rr,..  ^■.,^-. ...........,.-, - 

Albnininoid  ammonia                    .  .   . 

k0.0001 

Cranio  acid ■. 

2.20 

\             10.60 

2428 

1.20 
1&64 

nrff&niA  mtktfAf 

Lose                  .... 

Water  of  hydration      ...            

'Volatil4f  mattftr  fon  icmition)  

0.0880 

Total. ..« 

8L60 

2a  80 

0.1656 

2.450 

•  William  Bipley  Nichols,  analyst, 
k  E.  Cornell  Bsten,  snalyst  (1885). 
"S.  Dana  Hayes,  analyst  (1878). 
'  Charles  B.  Fletcher,  snalyst  (1880). 
•A.  A.  Hayes,  analyst 


'Samuel  Cabot,  Jr.,  analyst  (1882). 

K  Iron  oxide,  ammonia,  loss,  organic  matter,  all 

equal  0.60. 
k  With  free  ammonia. 
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SHOBE  ISLAND. 

The  record  of  mineral  springs  for  Bhode  Island  is  somewhat  meager 
and  so  far  as  we  can  learn  the  springs  are  of  comparatively  little  import- 
ance. It  is  said  that,  in  connection  with  the  spring  near  Pawtncket, 
there  was  in  operation  for  a  number  of  years  an  extensive  water-cnre 
and  medical  establishment. 

There  may  possibly  be  a  few  springs  in  the  State  that  have  escaped 
notice,  and  if  so  the  waters  are  likely  to  be  somewhat  chalybeate. 


MkurtU  springs  of  Bhode  Island. 


Name  and  looation. 

i 

£ 

i 

1 

t 

Character  of  the 
water. 

Bemarica. 

1 

Craiuton  Mineral  Spring,  on  Sooka- 
noBset  Hill,  Cranaton  Township, 
Providence  Coanty. 

Cumberland  Sprins,  Comberiand 
Hill,  Providence  Coanty. 

DarUng'a  Mineral  Sprinsa,  near  Paw- 
tucket,  Providence  County. 

Holly  Spring,  2  mUea  east  of  Woon- 
Booket,  Providence  County. 

Ochee  Springs,  Johnson  Township, 
3  miles  ftt>m  Providence,  Provi- 
dence County. 

Warwick  Neck  Mineral  Springs, 
Warwick  Neck,  Kent  County. 

o 

Chalybeate 

XTnimproTed. 

• 

Chalybeate  and 

sulpbureted. 

Alkaline 

Alkaline,  oaldc. 
Chalybeate 

Onoe  a  water  cure  and 

1 
12 

180 
500 

45 

sanitarium. 
Water  ia  sold. 

Water  is  bottledand  sold. 
Unimproved. 

Analyses  of  mvMtal  springs  in  Bhode  Island, 


Conatituents. 

Ochee  Springs. 

Holly  Spring. 

Caloinm  carbonate ^-,-»,.-,,,^ .,., ^^,,,^,,.,, 

Qraint 
pergaUon.* 
3.188 
1.126 
0.414 
0.448 
0.881 
0.560 

Grains 
pergaUon> 
0.43545 

Af AflTifMin m  CArl>oiifttf^      .........«..•*. ^. «......«...•...,.. ......n... 

a  24516 

Sodiam  anlnhate 

Calcium  sulphate 

0.37125 

Potamliim  nnlnhate 

Sodium  chloride 

0.34439 

Potafiainm  chloride 

Trace 

gUica     

0.60707 

Alumina 

} 
} 

a  747 
0.688 
0.876 
0.165 

Iron  oxide 

0.03619 

Insoluble  mineral  matter , 

Organic  matter 

Volatile  matter • 

0.46687 

Undetermined 

Loss 

Total 

8.968 

2.51000 

•John  K.  Appleton,  analyat  (1880). 


0 Edwin  B.  Calder,  analyat  (1888). 
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OONNBOTIOUT. 

The  mineral  springs  of  Gonnecticat  are  comparatively  nnimportant, 
at  least  in  point  of  number,  and,  so  far  as  known,  they  are  feebly 
mineralized.  They  are  mainly  weak  chalybeates,  occurring  under  the 
same  circumstances  as  do  those  of  Massachusetts,  in  deposits  of  bog- 
iron  ore  or  in  connection  with  iron  pyrites.  Some  are  also  feebly  sul- 
phureted.  Although  the  majority  are  unimproved  and  but  few  are  used 
commercially,  many  have  considerable  local  reputation.  Prof.  G.  W. 
Shepard  in  1837  speaks  of  the  springs  at  Stafford  as  being  the  most 
important  in  the  State,  and  this  is  still  the  case.  This  locality  is  the 
only  one  given  by  Walton.  Many  of  the  places  once  resorted  to  are 
now  abandoned.  The  present  list  is  made  up  from  Professor  Shepard's 
report,  supplemented  by  information  acquired  by  correspondence  with 
various  persons  in  the  State. 

Mineral  springs  of  ConneeHeut. 


Hame  and  looatkni. 


Chanoter  <tf  tlM 
water. 


Bemarka. 


Bald  HiU  Spring,  Portland,  Middlesex 

Coxmty. 
ChaMf€ate  nring$ : 

CromTrell,  Middlesex  County 

Two   milea  eaat  of  South  Kent, 

litohfield  Coonty. 
Foot   mileH   west  of  Litchfield, 
Litchfield  Coonty. 
CoDioB  Hill  Spring.  Poriiland,  Middle- 
sex Coonty. 
Hdbrook  Mineral   Spring,  Lebanon, 

New  L4Midon  Coonty. 
Xenyon*8  Mill  Spring,  Colchester,  New 

London  Coonty. 
Mineral  Springs,  North  Woodstock, 

Windham  Coonty. 
Oxford  Spring,  Oxford,  New  Haven 

Coonty. 
The  Po^,  North  Haven,  New  Haven 

Coitety. 
The  Pool,  Salisbory,  Litchfield  Coonty. 

The  Pool,  Soffield,  Hartford  Coonty. . . 


Stailbrd  Springs,  Stafford  Springs,  Tol- 
land Coonty. 

Stark  Mhieral   Spring.  Bozrah,  New 

London  Coonty. 
Strong's  Mill  Spring,  Colchester,  New 

London  Coonty. 
Snjphor  Spring,  Nepaog,    Litchfield 

Coonty. 


Chalybeate . 


TTnimproved  and  nnim- 
portant. 

Improved  abootSO  years 
ago;  onimproved  now. 


Solphoreted . 


1 
1 
1 

1 
1 

1 


480 


50 


Solphoreted 

cbali " 
Ohalyl 

...do 


chalybeate,  &o, 
"      rWte 


55+ 
200    I  46 


Solphoreted . 


Chalybi^tt^  . 


TTnimproved  and  nnim- 
portant. 
Improved  15  years  ago. 

XTsed  locally. 

Once  a  resort. 

Used  commercially. 

Has  local  repotation. 

Once  had  a  local  repota- 
tion. 

Was  a  resort  30  years 
ago ;  has  local  reputii- 
tion. 

15 Resort;  most  important 
I    in  the  State. 


Saline '  Usfd  commercially  and 

as  a  resort. 
Has  local  reputation. 


Chalvbeate  and 
solphoreted. 


Unimproved. 


(153) 


Digitized  by 


Google 


Analff»m  of  mM^eral  iprimgt  im  CimneeHeut, 


[bcllSI 


Ozibxd  Spring. 

Stark  Mfaienl 
Spring. 

Sodlam  bicMbonato 

ar9.pergaU.^ 

Bn.p0rgia.^ 

PolAMlam  bioftrboiiAte 

0.10 

0.31 

Oftlcinm  bicftrbonftto.                 .. 

L23 

11.  •! 

Iron  bic*rbon«te 

QL06 

iSodlam  Bnlph*(6 

a49 

Trace 

Trace 

a62 

1.16 

0.84 

0l18 

('alcimn  talpbate , 

Sodium  oblorlde 

0.SS 

Silicioacid 

aos 

SilioA  and  inmlnblA  maUor   . *  . 

i.33 
L27 
a  10 

Ori][anio  matter 

IiOM 

Total , 

e.22 

3.37 

*  George  F.  Barker,  analyat  <187S). 


k  8.  W,  Johnson,  analyst  (1880). 


NBW  YOBK. 

New  York  is  distingaished  among  her  sister  States  for  the  number 
of  her  mineral  springs.  On  the  list  she  is  credited  with  a  greater  num- 
ber of  localities  than  any  other  State,  which  may  be  due  to  the  fact 
that  attention  has  been  more  drawn  to  the  sabject  of  mineral  springs  in 
New  York  than  in  most  other  States,  probably  on  account  of  the  com- 
mercial success  of  the  Saratoga  Springs.  It  is  due  also,  in  part,  to  the 
flEtct  that  the  springs  have  been  pretty  thoroughly  studied  and  so  many 
of  them  subjected  to  chemical  examination.  The  list  given  by  Professor 
Beck  in  Vol.  Ill  of  the  New  York  G-eological  Reports  was  very  complete 
for  the  State  at  the  time  it  was  published  (1842).  Since  then  many 
springs  have  been  discovered.  Some  considered  unimportant  at  that 
time  have  since  been  developed,  while  others  used  as  resorts  have  been 
abandoned.  The  springs  are  of  great  variety.  The  majority  of  theoi 
are  sulphureted.  As  to  the  solid  mineral  (X)ntent«,  saline  and  chalybeate 
springs  predominate.  The  highest  ticraperature  reached  by  any  of  the 
springs  is  at  Lebanon,  where  the  thermal  spring  attains  75o  F.  Sevei-al 
of  the  springs  at  Saratoga  and  Baits  ton  have  temperatures  that  exceed 
the  mean  annual  temperatures  of  those  places,  and  are,  therefore,  in  a 
strict  sense,  thermal  springs. 

Another  point  of  interest  in  relation  to' the  New  York  mineral  springs 
is  the  occurrence  of  springs  containing  fi-ee  sulphuric  acid,  as  springs  of 
this  class  are  somewhat  rare.  The  most  celebrated  spring  of  this  class 
in  New  York  is  probably  the  Oak  Orchard  spring. 

The  Saratoga  Springs  are  the  most  widely  known  of  American  springs 
and  have  many  namesakes  in  all  parts  of  the  United  States,  being  in 
all  probability  the  first  mineral  springs  of  the  cx)untry  to  be  improved 
as  a  place  of  resort,  the  first  hotel  for  the  accommodation  of  visitors 
having  been  opened  there  in  1774. 
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MfmmU  $pnmg$  of  Nm»  T&rh. 


¥ilM«lld]00ll«l0IL 

1 

1 

1 

_  I 

1 

\ 

Character  of  1h« 
water. 

Semarka. 

AdmiBdac¥inwCT«18piing».  Whitehall, 

WaabingKBiCoiiBty. 
Albany  Aitaaiaii  Well  (500  feet),  Al- 

2 
1 

1 

4 

200 

0 
88 

Chalybeate 

Saline * 

Iwiy,  Albany  Goontr. ' 
Atbani  Spfrin^.  4  milea  weat  of  An-. 
barn,  Caynga  ConDty. 

iTOB  Snlphnr  Siiriaga,  Atod,   Liv- 

B^SfltoD  ^  Sp^nga,  BaUston,  San- 

tofaC<ranty. 

Sotphnreted.,.. 
do 

Haa  a  Uxsal  reputation 
and  is  sold  to  amaU  ex- 
tent 

7,680 

60 

as  a  resort. 
Besort 

1 
1 
1 
1 
1 
1 

5 
■'4.006' 

52 
52 

Saline 

Used  oommeroially. 

...  do  -  .    .  . 

IronSprins 

..  do   

Sua  Soaei  SpriBK 

..do            A 

rDlt«d  Statcia  Sprinc 

50 
40 

...  do 

VashiBrton  LHWaWeB 

Barton  Solpfaar  Spilng,  near  Waveriy, 

Tioga  Coonty. 
Bttod  Acid  ^nrine  Byitm,  Oeneaee  Co . 
C*irp  White  Solphnr  Sprlnga,  Cairo, 

Graene  County. 
CukicijmmgB: 

Hear  Senproniua,  Caynga  Coonty. 
Near      Cluiteaaffay,       Franklin 

County. 
On  Otaonaco  Creek,  Stark  Town- 
strip.  Hemmer  County. 
Kear  StarkTille,  Herkimer  Coonty. 

....do 

Dou 

Acid 

Solphoreted.... 

Besort 

* 

At  Caledonia,  liiviuKaton  Coonty. . 

Near  CartervriUe,  Monroe  Coonty. 
In  aonthweatem  part  of  Wheatland 

Townahip,  Monroe  Coonty. 
In  Cbtfaera  CaTe,  near  Niagam 

Pall«.KiagBra  Coonty. 

At   Manliaa    Centre.    Onondaga 

County. 
At  OBondagn,  Onondaga  County  .. 

North  of  <^ifloo  Lake  outlet,  Dn- 

oodaga  Coonty. 
At  Schoharie,  Schoharie  Coonty. . . 

Four  mfles  northwest  of  Glover- 

nenr.  Siint  Lawrence  Coonty. 
Hew  Ithac*,  Tompkina  Coonty 

In  Waahington  Coonty .'. 

CaTnalfinenl  Spring,  2|  milea  north 
of  Cayoga,  Cayoga  Coonty. 

Five  muea  northweat  of  Aohom, 

1 

50 

Used  oommeroially. 

Used  looaUy  for  medio* 
inalpnrposea. 

Four  or  flre  mflea  from  Weat  Tr<7, 

Albany  Coonty. 
^oth  or  Canaan  Centra,  Columbia 

.... 

Urmgnoo,  Colomhla  County 

Tvo  m11e«  fWim  TUoonvvlilA,  DaIa.. 

mre  County. 
Three  mflea  abore  Walton,  DeLa- 

ware  Coonty. 

Near  Knne'a  Comers,  Dotoheee  Co. 

Neir  WnfiamRTille.  Erie  Coonty . . . 

Two  milea  north  of  Elba,  Genesee 

Coonty. 
North  part  of  Warren  Townahip, 

Herkimer  Coonty. 
Bethel,  in  SUrk  Townahip,  Herkd- 

\ 

nerCoontv. 
Sonth  part  o^  Flttsford  Township, 
Monroe  Coonty. 

TTnimproTed. 
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Vame  aad  looation. 


I 

i 


^  I 

o  jCbancteroftlie 


Near  Lewiston,  Niagara  Coanty . . . 
Yan  Boren  Township,  Onondafsa  Co. 
Near  West  Poinfc,  OraDge  CouDty . . 
Shawaogniik  Mt.,  Orange  Coanty . . 
Near  Sand  Lake,  Bensselaer  Co ... . 

In  Richmond  County 

Between  West  Neck  and  Lloyd^s 

Neck,  Soffolk  Coantv. 
KearNorthBIenheim,  Schoharie  Co. 

In  Steabeu  Countv 

Three  milea  from  Sag  Harbor,  Suf- 
folk Connty. 

Horton*8  Point,  Soffolk  County 

Hadaon's  Point,  Biverhead.  Soffolk 
Coanty. 

East  Hampton.  Suffolk  Coanty ' 

At  LitUe  Cow  Harbor,  Suffolk  Co. ., 

At  North  Salem,  Weetcheeter  Co  . . ' 

Chappaqua  Spring,  Chappaqna,  West-  ' 

Chester  Connty.  t 

Cherry     Valley    Pboephate    Spring, 

Cberrv  Vallev,  Otsego  Coanty.  ' 

CherryValley  Springs,  Cherry  Valley,  ■ 

Otsego  County. 
Cbittf^nango  White  Sulphur  Springs,  ' 

Chittenango.  Madison  Connty. 
Chlorine  Spi-ings,  Syracuse,  Onondaga  ' 
Coanty.  •  I 

Clifton  Springs,  Clifton  Springs,  On- 
tario Coanty.  ' 
Clinton  Spring,  Cliff  street.  New  York,  I 

New  York  Coantv. 

Columbia  White  Snlphor  Springs.  4  I 

mOea  north  of  Hudson,  Columbia  Co. , 

Cryatal  Springs,  Crystal  Spring,  Yates  ' 

Coanty.  ' 

Dansville  Springs,  Dansville,  Livings-  ' 

ton  Connty. 
Darien  Mineral  Spring,  Darien  Centre, 

Genesee  Coanty. 
Darrow  Spring,  aoutb  of  Baklwinsville, 

Onondaga  Connty. 
Deep  Bock  Springs,  Oswego,  Oswego 

Coanty. 
Diamond  Bock  Mineral  Well,  William- 
son, Wayne  Coanty. 
Doxtatter^B  Mineral  Well  (Longrauir's 
Well),  Bochester,  Monroe  County. 

Dryden  Springs,  half  mile  west  of) 
I>ryden,Tompkina  Coanty.  > 

Blkhom  Sjprings,  north   of  Manilas 

Village,  Onondaga  Coanty. 
Excelsior  Spring,  Syracuse,  Onondaga 

Coanty. 
Fidrport  Mineral  Springs,  Fairport, 

Monroe  Connty. 
Florida  Springs,  Florida  Township, 

Montgomery  Connty. 
Franklin  Springs,   Oowlesville,  Wy- 
oming C'^nnty. 
Grove  Springs,  near  Hammondsport, 

Steuben  County. 
Halleck's  Spring,  near  Westmoreland, 

Oneida  County. 


10 


2,000 


3+. 


Sulphoreted. 


40i....do.. 
49  ;  Saline  . 


64 


.•W 


Sulphoreted 


6    '  1,2.50+ 
4       1,000 


I 


40t 


30 


Saline,    snlpho- 
reted. 


1,000 


48 


Alkaline,  calcic. 
Acid 


Small  and  unimportant. 

Unimportant. 

Not  used  at  present. 

Besort 

Used  commercially  and 

aa  a  resort. 
Besort 

Do. 

Do. 
Sanitariom  and  resort. 
Used  commercially. 


Calcic,  aolphor . .  I  Has  a  local  repotation. 

Solphoreted,  sa- 
line. 
Solpho-saline  ■ .  ■ 


Saline,  anlpbn- 

reted. 
Chalybeate  and 
snipburetcd, 
laline. 
Saline,    sulphu- 

reted. 
Saline 


Sulphoreted,  Sm. 
Sulphoreted 


Saline. 


Harrowgafe      Springs,       Bensselaer  ' Snlphureted . 

Coanty,  3  miles  from  Albany.             ^           '■              !        | 
Klngstey  Springs,  near  Marion,  Wa>nie  >       3    i  40  ,  Saline? 

County.  '  I 

Lebanon    Thermal    Spring.    Lebanon  1  30,000    I  75     Chalybeate* .. 

Springs,  Columbia  Coanty. 


Used  commercially  and 
as  a  resort. 
Do. 

Used  for  bathing. 


SResort 

) 

Local  resort. 

Fsed  commercially  and 

as  a  resort. 
Has  a  local  repotation. 

Localreaort. 

Besort. 


Was  improved  ftnd  need 
aa  a  resort  aboot  1838 
to  1840.  but  ia  now  on- 
improved. 


Unimproved. 

U^ed  curamercially  and 
as  a  resort. 
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Mineral  springs  of  New  York — Continned. 


K^ainc  and  looAtkm* 

1 

1 

1 

Character  of  the 
water. 

Bemarks. 

Loclcport  Mineral  Spring,    U   milea 
north  of  Lookport,  Iv'iagara  County. 

Madrid    Springs,    Madrid     Springs, 

Saint  Lawrence  County. 
Masaena  or  Saint  Kegis  Springs,  Mas- 

sena.  Saint  I^awrence  Coanty. 
Measena  Snlpbnr  Springs,  3  mileii  east 

of  Syracuee,  Onondaga  County. 
Mineral  Springs,  1)  miles  northwest  of 

Cav^nga,  Cayaga  Connty. 
Mineral  Springs,  Mineral  Springs. 

Soboharie  Coanty. 
Mineral  nrings: 

At   Watervleit    Centre,    Albany 
Connty. 

At  MonteKTima  CavriffA  C^nntv 

o 

Saline 

IJnimproved.  but  used 
by  residents  of  Lock-' 
port. 

Ilnimproyed  at  present 

Used  commercially  and 
as  a  resort. 

Has    local    reputatioa 

and  is  sold. 
Unimproyed  at  present; 

was  once  a  resort 

2 
3 

700+ 
5 

46 

60 

Saline,    sulpha- 

rcted. 
Snlphureted 

2 

120 

44 

Sulphureted. 
chalybeate,  car- 
bonated. 

Saline 

TJnimportant 

NAftr  r^mmi  'Pnfnt    Kari^x  f  !nniitv 

....do 

Northwestum   part  of  Columbia 

Township,  Herkimer  Coanty. 
Two  miles  northeast  of  Pittsford, 

Saline,    sulphu- 

reted. 
Saline! 

Sold  to  some  extent 

Monroe  Coanty. 
North  of  Elbridge,  Onondaga  Co. . . 
At  Oiiaker  Springs,  Saratoga  Co. .. 

1 

Unimproyed. 



Suljphureted .... 

Monroe  Springs,  5  mUes  from^Koches- 

ter,  Monroe  Coanty. 
Knnticoke     Snlphar     Springs,    near 

Nonda  Mineral  Springs,  Nonda,  Liv- 
ingston  Coanty. 

Oak  Orchard  Acid  Springs,  Alabama, 
Genesee  County. 

Pitcher  Springs,  ditcher  Springs,  Che- 
nan  co  Connty. 

Pittsford    Sulphur    Springs,    Olcott's 
fikrm,  northwest  part  of  Pittsford 
Township,  Monroe  County. 

Reid's  Mineral  Spring,  South  Argyle, 
Washington  County. 

Richfield  Springs,  Richfield  Springs, 
Otsego  County. 

Riga  Mineral  Springs,  Riga,  Monroe 

County. 
Sanquoit  Sulphur  Spring,  near  Sau- 

qaoit,  Onoicfa  County. 
Saratoira  Snrincs  Saratoga  County  .... 

3 

8 

80 

Saline 

Resort    and    water   is 

Acid  and   cha- 
lybeate. 
Sulphureted  .... 

....do 

sold. 
Used  commercially. 

Once  a  resort. 

1 
3 

8 

47 

Carbonated,  sa- 

hne. 
Sulphureted, 
chalybeate,  and 
saline. 

Carbonated,  cha- 
lybeate. 
Si^ine 

Local  resort 
Resort 

1 

4 

.... 

Unimproyed. 
Resort 

CbamT>ion  Sorins 

1 
4 

2,500 

40 
65 
51 

Saline  carbonated 
....do 

Used  commercially. 
Do. 

....do 

Do. 

Clmilal  Soriiiira                ... 

6 

1 

129 

Ellis  Snrinsr        ..       ...   .....    ..... 

Surface  spring. 
Used  commercially. 

Ktnnlre  SDrins  .................... 

Saline  carbonated 

SnralcA  Snrin?                    ... 

Not  in  general    use  at 

Sxcelflior  Snrinir 

1 

83 

45 

Saline  carbonated 
....do 

present. 
Used  commercially. 

Vlikt  Rock  Snrinfif 

3 

900+ 

46 
494 

....do 

Do. 

Hamilton  Snrine 

Hathom  SDrinir 

Saline  carbonated 
....do 

Do. 

High  Bock  and  ApoUis  Springs  . . . 

2 

1.000 

Do. 

Abandoned. 

Lake  Sulnhur  Snrinir 

Minnfihaha  SnrinGr  .  .            

Monroe  Spring 

Old  Bed  Spring 

1 

1 

2 

60 
12,000 

24 

40 

....do 

Used  commercially. 

•  Parilfon  Sorinf      

at  present 
Used  commercially . 

Pntnam  Snrines 

...do 

fsAmtocpa  A.  for  alum)  Sorincr 

flAmtnira  Seltzer  Snrinir 

1 

50    Saline    carbon- 
ated. 

Xot  used  commercially 

at  present. 
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MiMral  apHngs  of  New  York— Continned. 

ZTameaiidloofttion. 

1 

e 

1 

1 

Character  of  the 
watar. 

Senarka 

8Mr»tog»  ipfngs—Coiitlniied. 

Ster  Spring  (formerly  Walton  or 
Iodine  Spring). 

THt/tn  Anrinir  riTlMrincrAiil 

80 

o 
00 

SaUne,   carbon- 
ated. 

Do. 

Union  Spring -. 

1 

12    ;48 

Saline,  oarbonated 

Do. 

United  States  Spring  .• 

"Vichv  Biyrlnir 

1 
1 

240    1  50 

1 L___ 

Alkaline,  saline, 
carbonated. 

Do. 

WMlungton  Spring 

White  Solphnr  Springs 

Seneca  Spa  or  Deer  Liok  Springs,  4 

miles  east  of  Bnflklo,  Erie  Count3\ 
Sharon  Springs,  Sharon  Springs,  Scho- 

Shoe's  Spa,    McDonongh   Township, 

Chenango  Coonty. 
SlaterviUe  Magnetic  Springs,  Slater- 

▼lUe,  Tompkins  Connty. 
Spencer  Spnngs,  Spencer,  Tioga  Co . . . 

'....:.:.ri5 

2  i  2.400-i-i  Ifl 

Carbonated  sa- 

Do. 

Used  fbr  bathing. 

aaareoott 
Do. 

5 

27 

7,080+ 



2,700! 

48 
47 

Sulphnreted.... 

Alkaline  and  sa- 
line, sulphnret- 
ed. 

At  Wendell's  Hollow,  near  Alhany, 

Alhany  Connty. 
At  Coeymans,  Albany  Connty .... 
At  Ondderland,  Albany  Connty  . . . 

• 

Albany  Connty. 
Two  miles  west  of  Anbnm,  Cayuga 

Connty. 
One  and  one-half  miles  north  of  An- 

Unimproved. 
Do. 

bnrn,  Caynga  Connty. 
Two  miles  north  of  Union  Springs, 

Caynga  Connty. 
ITear  Bandolph,  Cattarangos  Co . . . 

2 

Near  Van  Bnren  Harbor,  ^hantan- 

qna  Connty. 
Hear  Ftedoiua,  Chantanqna  Co 

Near  Sheridan  Chantanqna  Co   ... 



Near  Laona,  Chantanqna  Connty . . 

Do. 

Twomiles  from  Norwich,  Chenango 

Connty. 
Near  Pharsalia,  Chenango  Connty. 

...... 

... 

Near  Kinderhook,  Colombia  Co. . . . 

Do. 

Near  Millers,  in  CUverack  Town. 

Unimportant 
UnimproTod. 

ship,  Columbia  County. 
At  Oakhill,  near  Cataklu,  Columbia 

"1 

Connty.  ' 
At  Preble,  Cortland  County 

Three  miles  from  Chehocton,  Dela- 

ware County. 
Near  Amenia,  Dutchess  County  . . . 

Do. 

At  Grand  Island,  Erie  County 

In  Amherst  To\rn»hip,  Erie  Ooun^ 
Clarence  Townnhip,  Krie  County  -  r 

One  and  one- half  miles  westof  Dur- 

Do. 

ham,  Greene  County. 
One  mile  from  CatsklU,  Greene  Co 
Three-fourths  mile  west  of  Athens, 

Greene  Connty. 
Pour  miles  west  of  Athens,  Greene 

Do 

Connty. 
Near  Richfield  Springs,  Warren 

Township,  Herkimer  Connty. 
Near  StsrkvUle,  Herkimer  Co  .  ... 

« 

Used  locally. 

Near  Winfleld,  Herkimer  Co . . .     .  ] 
In  Danube  Township,  Herkimer  Co . ' 
AtMohawk,  Herkinter  Conuty , 

.... 

Near  Ncwville,  Herkimer  Connty.  .1 1 

Near  Martinsburf^h,  Lewis  County 

::;:::::. :;.| 

;:: 1 
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Hvneandloofttion. 

^ 

i 
1 

i 

Character  of  the 

water. 

Remarks. 

Monroe  Comity. 
In  GbIm  Townahip,  If  ooroe  CooBty 
In  MeBdon  Townihio.  Monroe  Co. . 

o 

At  Ordml  Mtmroo  Conntv 

In  Deep  H«iDow  Yalley,  northwest- 
era  part  of  Rochester,  Monroe  Co. 

In  ^uugnr*  County,   two   mllee 
from  TonawMida. 

Used  locally. 

AhATif  I.Awijitnn  NinffarftOoantv.. 

North  pwrt  of  Pendleton  Towndbip, 
In  Anrasttt  OnnMl*  rinntitv 

Nf ar  Vf>mon  Oneida  CAnntv 

Kear  Paris.  Oneida  Coant  v 

Wi^t  of  Kihridim  Onnndaffa  Co  ... 

Sonth  of  Manfina  Village,  Onon. 

dagaCoontj. 
In  Camthen  (f )  Twp..Ononda«nOo. 
Unr  KmAnsfL  Onondaira  Conntv. . 

Lake  Sodom,  neacManlina  Centro, 

Onondaga  Connty. 
In  La  Fayette  Twp.,  Onondagn  Go. 

Ontario  County. 
T Yo  and  onf^half  milea  fHnn  ITew- 

Used  loeaUy  for  medic- 

inal purposes. 

bareb,  Oranire  Connty. 
In  New  Windsor  Twp.,  Orao|ce  Co 
In  Holley,  Orleans  Coubty 

a 

\ 

XMr  WMerloo,  8enecs  ConntY    . . 

Near  Campbell.  Steuben  County. . . 
At  Jaaper,  Steuben  Coonty 

1 

10 

Two  and  one-bali  miles  southwest 

of  Ssg  Harbor.  Saflblk  Connty. 
At  Tiofsa  Centre,  Ti(M»  Coan^ .... 

Wrstof  Springtown,  Ul^er  Connty 
Two  miles  southeast  of  Ithaca, 

1 

Tompkins  Connty. 
Xemr  Newark,  Wi^ne  County 

Do. 

Nmf  Palmyrn,  Wavni^  Connty  - . , 

Bo. 

Id  Sodns  ifownship,  Wayne  Co 

At  Clyde,  Wavne  County 

8 

4 

Do. 

Near  karion,  Wayne  Connty 

Solpfaor  well,  Peterson's  fiirm,  north* 

Only  one  spring  util- 

ised. 
UnimproTod. 

west  of  Bochester,  Monroe  Connty. 
SfiiphuriewAdtprinM: 

North  pan  of  Alabama  Township, 

Genesee  County.. 
In  Elba  Town^ip,  Genesee  Co .. . 

Xear  South  Bvron,'  Genesee  Co .   ... 

Tnion    Springs,   Union   Springs,  Ca- 

ya?a  CoontT. 
^allonia  ^rfnga,   VallonJ*  Springs, 

Verona  Mineral  Springa,  near  Verona, 
^Hkida  County. 

Victor  Spring.  Darlen  Centre,  Genesee 
^     C^iunty. 

Taiw  Sulphur  Springs,  1  mile  sooth  of 
^  Chittnumgo,  Madison  Connty. 
Tallow   Spring.   Southampton  (Long 
Wttd),  Sunflk  County.  *^ 

2 

10 

.... 

Sulphureted  and 
chalybeate. 

Do. 

I 

4    ;      160+ 

1            40 

48 

F^llllA 

Used    to    some  extent 

Add  saline 

commeroiAlly  and  as  a 
resort 

Chalybeate 

UnSmportftnt. 
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Adirondack 
Spring. 

Albany  Axtesiaa  WelL 

Aubnni 

Sottdi, 
Sodium  carbonate •. . . 

Chruifu 
ptrgaU.* 
6.14 
6.32 
18.64 
WL62 
a  02 
Trace 
6.04 
11.13 

Qraimt 
pergaU.^ 
40.00 

GroMU 
per  gaXL* 
40.00 

pergdL* 

Potasiiiiim  carbonate -- 

Calcium  carbonate 

82.00 
16.00 

32.00 
12L00 

Mftffrevtum  carbonate ...,........,, 

LitEium  carbonate 

Manganese  carbonate 

Iron  carbonate 

"" •aw" 

&00 

Calcium  sulpbate 

120.00 

Macnesium  sulphate 

25.09 

Sodium  chloride 

14.34 

604.00 

472.00 
4.00 

&00 

Calcium  chloride 

Magnesium  chloride 

100 

Alumina 

Trace 

Silica 

0.74 

Total 

76.80    1              600.00 

568.00 

153.60 

Snlphureted  hydrogen 

Oubieinckei. 

12.W 

Carbonic  acid 

67.27                   184.00 

Total 



67.27    i               184.00 

1 

208.00 

12.00 

• 

Gonatltaenta. 

Avon  Sulphur  Springs. 

1 
Upper  Spring.*^^  Lower  Spring. 

New  Bath 
Spring. 

Congress  Han 
Spring. 

SoUdt. 
Calcium  carbonate  , , . . . 

Graint               Grains 
pergaUt      1      per  gaXL* 

8.  00                           20  M 

Orains 
pergdU' 
2a96 
3a72 
3.62 

ao8 

6.98 

Graini 

pergaU.^ 

9.25 

Sodium  sulphate 

16.00 
84.00 
10.00 
1&40 

18.73 
67.44 
40.61 

21.02 

Calciunp  snfpbatA 

27.61 

Mflflmesiom'snlnhate ., 

19.07 

Souium  chloride 

29.  U 

Calcium  chloride 

a  41 
Trace' 

Sodiumiodide    

Sodium  sulphide 

Calcium  sulphide 

9ft55 

MamflAium  sulnhide  

' : 

Total 

186.40 

Oubie  inches, 
12.00 

158.62 

82.96 

3ft5.61 

Oatet. 
SnlDhnretcd  hvdrosen. 

Cubic  inehas. 
in  09. 

OuMe  inches. 

31. 28 

ChOncineha. 

27.63 

Carbonic  acid 

5. 60                      ■*)-  0'^ 

22, 1*4 

Oxygen 

0..56 
5.42 

0.i)7 

Nitrogen 

0.^ 

Total 

17. 60                      10-02 

54.52 

»  C.  Collier,  analyst 
^  Wm.  Meade,  analyst  (1827). 
"  L.  C.  Beck,  analyst  (1842). 
*  J.  R.  Chilton,  analyst 
•With  silica. 


'  Same  aa  Middle  Spring  of  Beck's  rpfiort 

K  J.  Hadley,  analyst 

BH.  M.  Baker^  analyst  (1874). 

>  Contains  iodine  and  bromine. 
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Andljf868  €f  mineral  sprmgt  in  New  York — Continned. 


BaUaton  Spa  Spring*. 

SanaSond 
Spring. 

Artesian 
Lithla 
Spring. 

Franklin  Ar. 
teaianWelL 

United  States. 

Lithia  welL 
rOid  Conde 

Bodinin  curbonate.- 

Graif%9 
jw  gallon.^ 
12.66 

€hraing 

pergaOan.^ 

Oraint 
pergaUon.* 

QraijiM 
p^rgalUm.* 
16.88 

Graini 
jwgaUon.* 

Sfidinm  bioarbmiato 

11.08 

04.60 

84.40 

Calctnm  narhonate 

48.41 

<29.20 

Calcium  bicarbonate ..... 

23a  16 

202.33 

178.46 

Ikff sjmAaimn  carbonati^ .... 

6.76 

Magnesiom  bicarbonate . . 

31110 

180.60 
0.87 
7.76 

177.87 

Trace 

6.78 

i6&85 

a  19 

T.ltJtiiitn  himrbonatiA 

15.01 

Tr^m  carbonate 

S.09 

Iron  bicarbonate ......... 

1.58 
8.88 

1.61 
1.28 

8.80 

Itarinin  bicarbonate *..... 

474 

Sodiom  Halnhate ......... 

L76 

Potamibm  tnlnhi^t^ 

0.52 

0.06 
Trace 
700.03 
88.28 

8.64 
Trace 

0.12 

ao8 
a  76 

Trace 

0.76 
'      0.01 

Trace 

659.84 
38.98 
4.67 

Trace 
0.24 
0.26 
0.74 

Trace 

Trace 

Sodinm  blborate 

Trace 

Sodioin  cbloride 

148.78 

424.06 

64&48 

Patafuiinm  cbloride 

9i28 

Sudinm  bromide 

8.87 

Oftldnni  fhiorld<> . . ,  ^ , . , . . 

Tsaoe 

L80 

0.28 

Alam'lna  r--,T-.rT-,T t- 

0.40 

Silica 

LOO 

8.00 

LOS 

Organic  matter 

Trace 

Total 

M7.15 

1.283.85 

1,184.37 

486.56 

1,047.70 

€hue», 
Garbonleadd 

426.114 

460.066 

244.00 

808.845 

Ghittenango  Springs. 

Clifton 
Springs: 
Sulphur 
Spring. 

Columbia 

ConatitaentB. 

White  Snl. 
phnr  Spring. 

Cave  Spring. 

Magnesia 
Spring. 

White  Snl. 
phnr  Springs. 

SoUdt. 
Calcium  carbon^ff^  ^ .  r  ^  r  r  - 

Grains 
pergaUon," 

pergaUon.' 

Groins 
per  gallon.' 

Grains 
13.12 

Grains 
p0rgaXl>on> 
2L79 

:';:::::'::::::::::::::: 

Tron  <?ArtMiniite     « *  * . 

22.02 

23.97 

20.78 
0.32 
0.02 

' 

Iron  bicarbonate   ...  .... 

0.08 

0.26 

Sodium  bvDOsulnbite 

&15 

Sodinm  sulphate   

Calcium  sulphate   

Strontium  sulphate 

Sodinm  nhownhate 

0.21 
81.42 
Trace 

L93 

7.76 
60.20 

106.12 

Trace 

7.50 

115.00 
Trace 
12.72 

64.94 

16.48 

2.14 

Sodinm  chloride 

Calcium  chloride  

L04 

L57 

L83 

a.  28 
4.08 

84.72 

PotMwium  chloride 

0.16 

0.23 

0.33 

LIO 

4.08 

8L48 

LitHlnm  cliloride 



Trace 

Trace 

Trace 

Iron  sesonichloride 

8.42 

&^iniii  ahIdUiIa 

0.12 

0.30 
L12 
0.22 
0.62 

0.75 

0.93 

Trace 

0.56 

Calcium  BuiDhide    . 

0i08 

0.28 
Trace 

Silica               .  -. 

Rnlnhor             ... 

Loos 

0.82 

^£Apin  matt.er 

Trace 

Total 

107.36 

142.15 

153.85 

138.68    i                218.60 

Oeue$. 
Snlphnreted  hydrogen . . . 

Ouhieinehet. 
0.884 
20.480 

Ofibie  inehet, 
2.754 
15.034 

5.623 
19.436 

Cubic  inchss. 
Present 
Present 

4.491 

•John  H.  Steele,  analyst  (1830). 
^C.  F.  Chandler,  analyst  (1868). 
'  C.  F.  Chandler,  analyst. 

Bull.  32 '6 


<iL.C.  Beck,  analyst. 

« C.  F.  Chandler,  analyst  (1869). 

'  With  iron  oxide. 


c  J.  R.  Chilton,  analyst  (1852). 
■>  A  twood,  analyst. 
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Analyses  of  mineral  springs  in  New  York — Continued. 


Coii0ti[taeato. 


I  Barton  Sol 
phnr  Springs. 


SoUds. 


Sodiain  oarboDftte 

Calciam  carbonate 

liagneainin  carbonate . 

Iron  carbonate 

Ammooiom  carbonate . 

Sodium  salphate 

Calciam  solphato 

Masnesiom  Holpbate... 
(y'alcium  phoepnate  .... 

Sodiom  coloride 

Calcinm  chloride 

Potaemom  chloride  — 
Mafcneaiom  chloride  . . . 

Calciam  sulphide 

Iron  oxide 

Atamina 

Silica 

SoJphor 

Organic  matter 

Carbonic  acid 


Total. 
Oxygen 


Oates. 


Oroint 

vergaUon.* 

11.12 

3.65 

1.99 


0.95 
0.26" 


2.U5 
'6.11" 


Cherry  Valley  Springs. 


Bath-Hoase 
Spring. 

Qroins 
pergailon.^ 


north  of  £ 
boose. 


Phosphate 
Spr&g. 


Grai$u 
per  gallon.* 


€hxMu 
p4r  gallon.* 


9.41 
17.82 


14.75 
9.96 
2.45 


2.87 
4.58 
0.62 


11.08 
57.08 
24.50 


149^46 


12.44 
2.80 


3.08 

aoo 


2.1s 


1  «•«»    \\  0.30^1 

1.10      J  (\ 


1.52    I 
'i'02  "|. 


3.04 


a28 


31.73 


140.71 


184.88 


5l27 


13.77 
0l47 


0.02 


2&20 


CherryVaUey 
Springs. 

Yates  Sul- 
phur Siyings. 

Doxtatter's, 

or  Long- 
muir's  Well, 
Rochester. 

Terona  Hfai- 

Phosphate 
Spring. 

Orains 
per  gaUonA 

eral  Springs. 

8ottdt. 

Orains 
p^rgaUon.^ 

7.04 

Grains 
per  0a22on.* 
I1L84 

Orains  per 
imp.gdlLf 
3a  47 

Mftcmoiiiiini  blc&rbonA'to 

17.27 
0.01 
0.20 
0.04 

41.13 
0.47 

Trace 
0.02 
0.01 
0.00 
Trace 
Trace 
0.08 

AfADfif&n^flA  bicftrlMiuito  «•«   •«•.     ••••«.••   •• 

Iron  bicarbonate 

Sodiam  salphate 

18.28 
\        102. 00  J 

55.02 

Calcinm  snlDhate ...................  ..... 

63.19 

\f Aimmtinin  fmlnhata 

T^otiifminm  ATilDnAt^^.... 

Rtvnnlinm  nnlnhAftA 

Lithiam  sulphate 

Bikritim  snlohate  .....     ... 

Calciam  nhosnhato  (acid) 

Sodium  blborate 

Sodium  n itrate 

Sodium  chloride 

112 

562.89 

Caloiora  chloride. 

62.10 

82.01 

Potassium  chloride     ..... 

4.06 

Magnesium  chloride 

1 

27.11 

Lithium  chloride '. 

1 

2.37 

Sodium  bromide 

Trace 
0.14 
0.20 

Trace 

1 

Alvmina  .r...^.-....r.......^.,.. 

::::::::::::::i:;:::::::::::: 

Silica 

0.59 

Organic  matter 



Trace 

......:::;;:.. 

Total 

61,32 

123.44 

110. 92 

781.29 

Sulphurotetl  hydrogen 
Carbonic  acid 


■  F.  F.  Thomas,  analyst. 

k  J.  R.  Chilton,  analyst 

<>  Perkins,  analyst. 

*  Q.  F.  Chandler,  analyst  (1876). 


*  L.  0.  Beck,  analyst  (1842). 

f  Peter  Collier,  analynt  (1870). 

K  With  magnesium  carbonate  and  iron  oxide. 
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Analyses  of  mineral  springs  in  New  York — Continued. 


Ciyetal 

SpilDgB. 

Deep  Rook 
Mineral 
Spring. 

Florida 
Spring. 

Haneck'a 
Spring. 

Sodinm  bioftrbonate 

ifilOO.* 

Oraint 
pergaUon.^ 

Orains 
pergaUon.* 
22.14 

Orains 
per  gaUon.* 

Calcinm  carbonate - 

1&19 

r!ik1<*infn  Vtt naTlm'nat.A     .        ............... 

&32 
6.07 
0.71 

C^Alninm  niilnbate     ....        ............... 

40.00 

Potaminm  Ralphate...... .......... ...... 

L89 
S.88 

Sodiam  cbloriae 

80ai8 

624.00 

Calcium  ohlorlde 

104.00 

PotAfMinm  <;hlnridH      -....^-...^ t-- 

149.08 
10.25 

If afmeRinin  cbloride 

82.00 

Iron  Bolpb  ide 

0.18 
2.01 

Haimeeia..1 

.008 

.008 

.001 

Trace 

Trace 

.001 

.003 

Trace 

.012 

.001 

Lime 

Iron  oxide 

Trace 

AlnmiBa 

Trace 
0.79 

Silica 

7L70 

Soda 

Chlorine 

Carbonic  acid  (combined) 

Salphnric  acid 

Trace 
1.78 

L008 

Total 

■•    0.029 

560.18 

48.39 

800.00 

Oases, 
Carbureted  bydiofien 

Ouhie  inches. 

Oubieinehee, 
Trace 

Sulpbnreted  hydrogen 

Carbonic  aold 

Trace 
Trace 

8.765 
82.169 

Traoe 

ConatitaontB. 

Lebanon  Ther- 
mal Spring. 

Nunda  Min- 
eral Springs. 

Chlorine 
Spring. 

Excelsior 
Spring. 

Lockport  Min. 
era!  Spring. 

Sodiam  carbonate 

Oraint 
pergaJUcn* 
2.41 
4.04 

Oraint 
per  gallon.' 

Oraint 
pergaUon.t 

Oraint 

Oraint 
per  gallon.^ 

Calcinm  carbonate 

Iron  carbonate 

104.10 

1.05 

184.41 

22.38 
38.68 

15.24 
36.45" 

9.27 

Calrinm  antphatfe. 

6.72 

Potaasiam  solphate 

Kaeneaiam  sulphate 

Sodinm  chloride 

L04 
1.06 
0.96 
0.02 
0.94 
0.45 
3.25 
10.21 

203.58 
6.82 

646.42 

684.53 

111  42 

Sodiam  sulphide 

Iron  oxide 

Trace 
000.12 

Present 
6.29" 

J                 0.05 
0  90 

Alumina 

1             1.02 

Silica 

Organic  matter. 

Trace 

3.21 

Sodium  sulphate 

26.28 

13.16 

Calcium  chJorido 

45.08 

Potassium  chloi  ide 

3.52 

l^Lagneetum  chloride 

17.86 

17.69 
0.15 

11.04 

Hagnesi  am  bromide 

1 

So£nm  bromide 

1 

1.67 

Sodium  iodide 

Free  carbonic  acid 

1 

Present 

Present 

2.36 

Total 

24.38 

500.08 

751.86 

668.24 

104.14 

Oases. 
Solphureted  hydrogen  . . . 

OuJbie  inehea. 

Oubie  inchet. 

Oubie  inchet: 

Oubie  inchet. 
2.86 

CarDonic  acid 

0.48 
2.00 
3.52 

5  79 

Oxygen 

Nitrogen 

•  J.  Fowler,  analyst  (1880). 

•  a  H.  Douglas,  analyst  (1871). 

•  C.  F.  Chandlet,  analyst  (1870). 


'  J.  Koyes,  analyst. 

•  H.  Dussance,  analyst. 

'  S.  A.  Latiimore,  analyst  (1878). 

(163) 


•  Charles  A.  Groessman,  ana- 
lyst (1868). 
k  J.  fiadley,  analyst  (1861). 


Digitized  by 


Google 


36 


MINERAL   SPRINGS   OF  THE  UNITED   STATES. 
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[BULL.  32. 


Sharon  Springe. 

Conatitneata. 

White 
Solphur 
Spring. 

Hagneala 
Spring.  - 

Bed  Sulphnr 
Spring. 

Gardner 

Magnesia 

Spring. 

Bye-Water 
Spring. 

SoKdt. 
Sodinm  bioarboDate 

OraiM 
pergaUon.* 

Cfralnt 
pergaUan.* 

Oraint 
ptrgaUon.^ 
0.49 
12.93 
0.69 
06.64 
ia96 
0.83 
0.78 
0.07 

0.89 

0.45 

Oraint 
pergaUon.* 
0.64 
9.70 
1.36 
93.50 
19.68 
1.28 
0.44 
0.16 

0.63, 

0.40 

Oraint 
ptrgaUon.^ 

Calcium  bicarbonate 

Mai^nesium  bicarbonate . . 

Calciam  aulphate 

M Acnesiam  aulphate 

Sciuum  chloride 

24.00 
85.40 
34.00 

1             2.70 

80.50 
76.00 
22.70 

82.00 

77.50 

7.50 

1         -- 

Mbgneaiam  chloride 

Calcium  chloride 

Calcium  aulphido 

1         a«, 

a5o 

Mafnieaiam  aalphlde .... 
Silica 

Total 

149.10 

132.70 

132.18 

127.64 

119.50 

Oatu. 
CarDonic  acid 

(hUricineket. 
20.50 

Ouhicinehea. 
3.80 

Ouhicinehst. 
10.60 
4.68 
4.00 

(htbieinchtt. 
6.00 
2.22 
8.00 

Oubie  inektt. 

Atmospheric  air 

L 

Sharon  Springe. 

Conatitaenta 

Cbalyheate 
Spring. 

Gardner 

Magnesia 

Spring. 

Bed  Sulphur 
Spring. 

White 
golphar 
Spring. 

8olid9. 
Sodium  carbonate 

Graint 
per  gallon.* 

Oraint 

pergaUon.* 

0.34 

&78 

0.80 

Oraint 

ptrgaUon.* 

0.34 

&97 

0.41 

Oraint 
pergaUonJ 

Calcium  carbonate 

Magnesium  carbopate 

8.96 
8.74 
68.80 
Trace 
8.15 
L40 

SodTum  aulnhate .7. - 

Calcium  aulphate 

93.50 

96.64 

55.84 

Potassium  sulphate 

Mftirnpflinni  AiunhatA ._ 

19.68 

18.96 

21.20 

Iron  protoauiphate 

Sodium  chloride 

1.28 
0.16 
0.48 

0.83 
0.06 
0.73 

L12 

« Calcium  chloride 

Magnesium  chloride 

1.20 

Sodium  sulphide 

}                «L12 

Calcium  sulphide 

]             6.25 
0.40 

a89| 
0.45 

Mameeiom  snlnbide-  .r-...,. - 

wiimT.:"........!..;. ..:;::..:::...:.. 

Organic  matter ,-,,.,--             

2&48 

'    Total 

114.58 

120.53 

127.78 

80  48 

Oatet, 
Bulphureted  hydrogen. .  . 

Cubic  inehet, 
6.00 
2.21 
8.00 

0uJl»icinch4t. 
10.48 
4.56 
4.00 

Oubie  inehtt. 
&00 

C  ar^nio  acid  .'....n.., 

Atmoanherio air .^^.r^rr -- - 

TntftI -- 

11.^1 

10.04 

8.00 

: 1 

•Lawrence  Reid, analyst  (1846). 
^  J.  G.  Pohle,  analyst. 
•  J.  a.  Pohle,  analyst  (1865). 
'Maiaehe, analyst  (1861). 


•Lawrence  Beid,  analyst 
'J.  B.  ChUton.  analyat. 
s  With  extractiTe  matter. 
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Oak  Orchard  Acid  Springs. 

Spring  Ko.1. 

^« 

Oak  Orchard  Acid  Water. 

%    SolidM, 

Sodium  solphate 

Calciam  sulphate 

Graina 

7488 

8.62 

21.60 

85.00 

Grains 
pergaUon> 

Graint 
pergaOan.* 

Grains 
p0rgaUon.* 
8.16 
13.72 
2.48 
6.41 
&48 

Parttin 
1,000.* 
0.12 
1.11 
0.11 
0.87 
0.46 
0.48 

Parttin 
1,000.' 
0.00 

80.60 

12.41 

1.12 

Potaaaiam  sulphate 

Alomininm  sulphate 

Magnesium  sulphate 

Iron  sulphate 

0  08 

0.68 
&28 

0.82 

4.06 
80.28 

0  68 
0.42 

Iron  DTotosnlDhate 

28.02 
2.44 
4.50 

14.82 

32.22 
1.48 
8.88 

Smlintn  chlon^A 

0.06 

Trace    ' 

Trace    1 

2.01    j 

0.04 

Silica 

1.04 

1.84 

0.07 

Chlorine 

Organic  matter 

8.28 
82.06 

10.88 
120.06 

6.66 
188.31 

SoSphutio  acid 

134.73 

2.01 

Total ...... 

314.42 

160.16 

10&40 

21L20 

4.67  ; 

4.08 

Massena 
or  St 

Springs. 

Messena 
Sulphur 
Springs. 

Riobfleld  Springs. 

Gonatituents. 

Name  ot 

spring 

unknown. 

Sulphur 
Spring. 

White 
Sulphur 
Spring. 

Iron 
Spring. 

Graint 
psrgaUJ 

Spring. 

SdUdM. 
Caldum  carbonate. .......... 

,€hrain§ 
p^rgtULM 

Graitu 

Graint 

Graine 
pergaiLi 

Graint 
pwrgaU,^ 

Graint 
ptrgaU.^ 

Caldnm  bicarbonate 

4.85 

2147 

1L71 

16.11 

1L84 

If  airn4^ium  bRarbonate ..... 

6.01 
0.24 

81.74 
Trace 

12.52 
4.02 

8.07 

Iron  bicarbonate 

a40 
4.21 
a60 

0.18 

Sodium  snluhate... 

...  ..... 

22.20 

0l80 

12.70 

8o4lxum  hydroeulphate 

0.88 
118.84 
1.67 
0.01 
6.15 
Trace 

Calcium  sulphate' 

00.08 

6a  40 

20.00 

67.30 

&00 

8&63 

Potaaalnm  shlnhate. 

Strontium  sulphate .......... 

Magnesium  sulphate 

10.88 

80.00 

82.82 

1&81 

Barium  sulphate 

Sodium  phosphate ........... 

1.82 

Trace 
0.52 

^iimn  cbloH'de-.-.-r ...... 

76.70 

1L40 

2L78 

0.43 

10.20 

Calcium  chloride 

10.64 

Potassium  chloride 

0.61 
20.08 

&28 

4.51 

Magnesium  chloride 

Utbium  chloride 

0.02 

Magnesium  bromide  — 
So^m  sulphide 

0.67    1 

L72 

Calcium  sulphide 7? 

6L22 

0.06 

aoo 

Calcium     and     magnesium 

subhides. 
Alumina 

1 

2.00 

0.10 
1.85 

Trace 
0.64 

saica 

0.81 

1.17 

Organic  matter .... » 

■11. 18 

"153.50 

Total 

10L88 

104.72 

225.70 

100.85 

164.28 

85.60 

106.88 

Oatet. 
Sulphureted^  hydrogen 

Oub.in, 
6.867 

Cfub.in, 

Oub.in. 
24.24 

Oub.in, 
8.6888 
2.0412 

Onb.in. 
14.206 

Oub.in. 
i6.'0286" 

Ottb.in. 
0.8160 

2.2082 

•Silliman  A,  Norton,  analysts. 
^  J.  B.  Chilton,  analyst. 
'  B.  BmmoDS,  analyst. 
'Porter,  analyst. 
•H.  End,  analyst  (1850). 
'W.  J.  Craw,  analyst  (1850). 
•Ford  F.  Mayer,  analyst. 


^L.  C.  Beck,  analyst 
>  Lawrence  Beid,  analyst 
J  Theo.  Deeoke,  analyst 
itC.F.  Chandler,  analyst 
^  With  magnesium  chloride. 
-  With  silicate  of  soda. 
"  Undetermined  matter. 
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MINERAL    SPRINGS   OF   THE    UNITED   STATES. 


[dull.  32. 


Analjfsea  of  mineral  springs  in  Xew  York — Continned. 


Saratoga  Springs. 

Champion 

Columbian 
Springs. 

2Xt                Cougree.  Spring. 

aoKdM. 

Sodiom  carbonate 

Qraint 
ptrffdUon,'^ 

Graina 
pergaUon.^ 

Qraxna 
per  gaUon." 

Oraint 
perg(Mon* 

Grains 
pergaUfftL* 

16.00 

17.62 

is.  40     1                10-06 

&96 

Calcinm  carbonate 

6a  00 

:   . 

9&10' 

144.00 

Calcium  bicarbonate 

227.07 

183.91 

0.08 

6.26 

ioi.88 

75.16 

li-aoe 

4.33 

Hagnesinm  bicarbonate.. 

iiii 

95.79 

32.00 

Lithinm  bicarbonate 

Iron  carbonate 

6.58 

5.07 

0.66 

2.08 

0.25 

0.01 

Trace 

702.24 

40.45 

2.04 

0.73 

2.16 

Trace 

Trace 

Barium  bicarbonate 

PotAMiam  sulphate 

Sodium  Diborate 

Sodinra  chloride 

267.00 

328. 47 

385.00 

434.40 

Potassium  chloride 

8.33 

6.41"' 

Trace  . 

0.06 

0.81 

3.21 

Trace 

Potassium  bromide 

Trace 

Trace 

Sodium  bromide 

S.68 
Trace 
0.28 
0.46 
0.70 
Trace 

Calcium  fluoride 

• 

Sodium  iodide 

2.56 

3  50 

Alumina 

Sflica 

2.05 

1.50 

'Trace 

Organic  matter 

Total 

1,  Ids.  58 

407.  flO 

537.15    1             507.84 

026.40 

OOMt. 

Atmospheric  air 

4.50 

1. 
7.00 

Azote 



7.20 

46&46    1              272.06    1 

317. 45                 311. 00 

312.80 

COttStltQSDtS. 


8oUd». 

Sodium  carbonate 

Sodium  bicarbonate 

Calcium  carbonate 

Calcinm  bicarbonate  — 
Magnesium  carbonate . . . 
Magnesium  bicarbonate. 
Strontium  bicarbonate  . . 

Lithium  bicarbonate 

Iron  carbonate 

Iron  bicarbonate 

Barium  bicarbonate 

Sodium  sulphate 

Potassium  sulphate 

Sodium  phosphate 

Sodium  Diborate 

Sodium  chloride 

Potassium  ohloride 

Potassium  bromide 

Sodium  bromide 

Calcium  fluoride 

Sodium  iodide 

Iron  oxide 

Alumina 

SiUca 

Organic  matter 


Saratoga  .Springs. 


Congress  Spring. 


pergaSan,^ 


10.77 


148L40 


12L76 

Trace 

476 


0.84 
0.96 


Total. 


Chutt. 

Atmospheric  air  . 
Carbonic  acid 


0.89 

a02 

Trace 

400.44 

&05 


&56 

Trace 

0.14 


Trace 
0.84 


Qrtnnt 
per  gallon.^ 
0.56 


Oraina 
per  gallon^ 
7.20 


116.00 
"56.80' 


86.14 
78.62' 


0.84 


0.65 


Empire  Spring. 

Oraina 
pergaUon.^ 

QrainM 
pergalUm.* 

9.02 

30.85 

109.66 

141.  &2 

42.96 
Trace 

41. « 

2.08 

0.79 
0.07 

Trsce 

885.44 
Trace 


363.83 


is.  92 


2.77 

0.02 

Trace 

506.63 

4.29 


268.70 


4.02 
0.64    I 


0.27 
Trace 
Trace 


^12. 00 


0.32 
0.47    ' 


0.42 

1.46 

Trace 


700.90 


563.46 


54^90 


680.44    ' 


496.35 


392.80 


5.41 
284.65 


314.67 


>C.  F.  Chandler,  analyst  (1871). 

^  Jobn  H.  Steele,  analyst  (prior  to  1838) . 

« C.  F.  Chandler,  analyst. 

4  John  H.  Steele,  analyst 


« J.  1).  Dana,  analyst. 

f  With  iron. 

K  Davy  and  Faradav,  analysts,  London. 

"J.  R  Chilton,  analyst  (1843). 


>  E.  Emmons«  analvnt 
i  With  sodium  iodide, 
k  Or  iodine. 
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Analy9e8  of  mineral  springs  in  New  JTorfc— Continued. 


Saratoga  Springs. 


Eureka 
Spring. 

Excelsior 
Spring. 

Flat  Bock  Spring. 

Geyser  Spout- 
ing Spring. 

SoUdt. 

Sodium  bicarbonate  

CalcintD  carbonate ^  - 

Graiiu 
P^rffaUon.- 
8.76 

Gtain9 
pergaUon> 
^  15.00 

Orairu 
pergalUm.* 
20.79 
60.57 

GraiM 
P9r  gallon* 
9.10 

Qrain9 
pergaUon,' 
7L28 

Caleinm  bicarbonate 

41.32 
29.84 

77.00 
32.33 

98.63 

29.47 

a  01 

8.28 

168.39 

Masneainm  bicarbonate . . 
Stroniinm  bicarbonate  . . . 

42.70 

149.84 
0.43 

Ltthinm  bicarbonate 

9.00 

Iron  carbooate 

5.30 

Iron  bicai  bonate 

8.00 

3.22 

0.09 
0.10 

0.98 

Barium  bicarbonate  .-^^-- 

2.01 

Sodium  anlphate  - ,  ^ .,..-.-  - 

1.82 

PotasAtum  solpbate 

0.48 

o.8e 

Stront  ium  sulphate  ...... 

Trace 

Uajniesinm  sulphate 

Sodinni  phosphate 

2.15 

0.04 
Trace 
108.85 

7.09 
ia83 

Trace 

Sodium  biborate 

Trace 

Sodium  chloride 

168.81 

870.64 

14&87 

662.08 

Potassium  chloride 

24.64 

Mognei^inm  chloride 

Potaseium  bromide 

1.67 

Trace 

Trace 

• 

Sodium  bromide 

0.82 

2.21 

Calcium  fluoride 

Trace 

Sodium  iodide 

487 
0.28 
0.58 

4.24 

1.88 
Trace 
Trace 

0.01 

0.04 

L84 

Trace 

0.26 

Alnmiua 

Trace 

Silica 

0.66 

Organic  matter 

Trace 

Sodium  silicate 

4.00 
7.00 

Potassium  silicate 

1 

Total 

25a  87 

514.76 

279.65 

270.53 

99L54 

00999. 

6.60 
287.50 

Carbonic  acid 

230.00 

250.00 

454.08 

! 

Saratoga  Springs. 

Constituents. 

Hamilton  Spring. 

Hathom 
Spring. 

High  Bock  Springs. 

Solid9. 
Sodium  carbonate 

Grain9 
pergaUonJ 

Orain9 
pergaUon.* 
34.25 

Grains 
p9r  gallon.* 

Orain9 
p0rgallon.t 

OraSns 
pergdUonJ 

Sodium  bicarbonate 

^7.04 
92.40 

4.29 

84.89 

17.64 

Caldu  m  carbonate 

07.99 

69.28 

Calcium  bicarbonate 

170.65 

181.74 

Magnesium  carbonate 

85.'2b* 

80.06 

Magnesium  .bicarbonate . . 

176.46 
Trace 
11.46 

Trace 

61.60 

Strontium  bicarbonate  ... 

Iron  carbonate '             -  _ 

4.62 

5l68 

Iron  bicarbonate 

6.89 

i.i8 

1.74 

1.48 

Trace 

1.61 

Barium  bicarbonate 



Potassium  nolphate 

1      

Trace 

Calcium'pliosphate 

1 

Trace 

Sodmm  biborate 

Trace 

609.97 

9.60 

Sodf  qm  chlnri.l^     . 

297.80 

298.66 

890.18 
&60 

180.10 

Potassium  chloride 

Potassium  bromide 

Trace 

Trace 

Sodium  bromide 

1.58 
Trace 
0.19 
0.18 
L26 
Trace 

0.73 
Trace 
0.08 
1.22 
2.26 
Trace 

Calcium  fluoride 

Sodium  iodide 

8.00 

8.68 

2.60 
Trace 

Alnmim^ 

Silica 

1.00 

Trace 

Organic  matter 

Total 

460.88 

479. 17 

888.40 

627.56 

845.60 

00999, 

Atmospheric  air 

4.00 
31&00 

(too 

Carbonic  acid 

820.00 

875.75 

409.46 

804.00 

«  Alien,  analyst.  •»  C.  F.  ChnntUor,  analyst  (1886). 

^  Allen,  analyst  (1879).         ^C.  F.  Chandlw,  analyst  (1870). 
"  John  H.  Steele,  analyst.     'John  H.  Steele,  analyst  (prior  to  ] 
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f  C.  F.  Chandler,  analyst. 
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[BULL.  32. 


Andlijf9€8  of  mineral  springs  in  Kew  Tark—  Continued. 

Saratoga  Springs. 

Constttnents. 

Kissingen  or 
Triton  Spring 

Pavilion  Spring. 

Putnam 
Spring. 

Solidt. 
Sodimn  cftrbonate r.....^... x^-....... 

Grains 
pcrgaUon.* 

Qraint 
psrgaUon> 

Qrains 
jper  galhn.' 
4.92 

Qraina 
pergaiion.' 

Sfoditiin  blcATbonftto ^^..,,,--^-,^, 

"  67.62 

3.76 

14.32 

Galoiam  cftrbonate 

52.84 

Calclam  bicarbonate 

140.26 

120.17 

68b  80 

MufTiifliiiQxn  oarbonatOr ,,».,,. r-,..... 

56.92 

Magnednm  bicarbonate 

70.47 

Trace 

6.13 

76.27 

Trace 

9.49 

51.60 

Ktrontinm  bicarbonate 

Lithium  bicftrbon Ate   ,        

Iron  oarbonat^^  , r r.. , 

3.51 

. 

L66 
0.99 

2.57 

0.88 

^        7.00 

Sodinm snlphate 

1.48 

1.68 

Trace 

2.03 
Trace 

^fo<linni  pbotiphfttft „,,,.,. 

0.21 

Calciam'phoiiph^ift 

0.19 

tSoditun  biborate .' 

Trace 

459.90 

7.66 

Sodium  chloride 

338.50 
16.98 

187.68 

21^00 

Potaaaiam  chloride 

Potassium  bromide 

'2.69 

Traoe 

Sodium  bromide 

1.80 
Trace 

a04 
Trace 

L28 

0.09 
Traoe 
0.07 
0.33 
^16 
Trace 

Calcium  fluoride 

Sodium  iodide 

2.00 

Alumina 

0.42 
L16 

0.56 

Silica 

01.84 

Organic  matter ............  .x....    ..^    xx 

Total 

644.63 

687.28 

311.71 

361.01 

Oases. 
Carbonic  aoid 

861.60 

382.46 

860.50 
5.30 

326L40 

Atmo<ipbeTic  air — ^x^ 

6.40 

Saratoga  Springs. 

New  Putnam 
Spring. 

Bed  Spring. 

Saratoga  A 
or  Alum 
Spring. 

Seltser 
Spring. 

SoUds. 
Sodinm  bicarbonate.. 

Grains 
psrgaUon.^ 

157.66 
173.61 
0.11 
9.83 
a45 
0.38 

Grains 
pergaOon.* 
15.33 
101.26 
42.41 
Trace 
0.94 

Qrains 

pergaUan.t 

6.75 

56.85 

20.48 

Qrains 
psrgaUon.M 
29.43 

89Lfl7 

Magneaium  bicarbonate 

40.84 
Trace 

Litfainm  bicarbonate 

1.73 
L72 

0.90 

Iron  bicarbonate . , 

1.70 

Trace 

Sodium  sulphate 

2.60 
0.46 
0.87 
a29 

Calcium  suTpbate 

PotaiMinm  sulphate , 

2.26 

0.66 

Mfurnesinm  sulphatOr 

fi<Mff»im  phosphate ^.. 

Trace 

Traoe 

Traoe 

Sodium  tnborate 

Traoe 
268.04 

Traoo 

Sodium  chloride 

83.58 

565.80 

Trace 

0.36 

Trace 

184.29 

Calcium  chloride 

Potansinm  chloride ...x...  x 

14.87 

6.86 

L34 

Mftgne^'viu  cWoHde 

Sounm  bromide 

i.62 
Trace 

Trace 

0.63 

CaMiyIP  flnoride x.. 

Trace 

Sodium  iodide 

aos 

Boraoicacid 

Trace 

Iron  oxide 

\          fc2.10J 
3.25 

r« iTIlDULft  ■  ••■••••••••• 

0.22 

3.00 

Traoe 

0.38 

1.46 

Trace 

0  37 

Silica 

2.56 

OrgMiie  mattfir x    x  x 

Trace 

Totia 

640.03 

255.68 

658.63 

302.02 

Oases, 
Carbonic  add 

212.00 

824.08 

• 

•  Shaiplee,  analyst  (1872). 
^  C.  F.X)handler,  analyst  (1882). 

•  J.  B.  Chilton,  analyst  (1840). 


*  With  sodium  iodide. 

•  Appleton,  analyst. 

'  J.  6.  Pohle,  analyst 


tC.  F.  Chandler,  analyst  (1869). 
k  With  traces  of  phosphates. 
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Saratoga  Spiinga. 

Star  Spring. 

Union  Spring. 

United  States 
Spring. 

SoUdt. 
Sodtuni  0ftrboiiEt<e 

Gn.p0rgdU,* 

1^80 

art.  ptr  gall.* 

Grt.p€rgaU,* 

12.  M 

17.01 

4.67 

41.00 

Caloiam  bicarboDato 

1M.46 

96.70 

08.12 

84.27 

Hf j^j^Mifnin  blrArbomate 

6L91 

Trace 

1.50 

109.69 
Trace 

72.88 

8  tToo  tiiim  bicarbonate 

0.02 



2.61 

4.85 

Tron  carboaate 

6.45 

Iron  bioarbonate 

l.Sl 

0.10 

5.40 

Trace 

Trace 

308.80 

0.70 

0.27 
1.70 
1.82 
0.03 
Trace 
468.80 
8.73 

0.71 

If ArlQm bioarbooato r   n^-,-T 

0.91 

sSodiam  pboapbate 

0  02 

Sodtam  biborate 

Trace 

ScNliam  cbloiide 

248.02 

141.87 

Potaaaiam  chloride 

8.62 

Potaasinm  bromide 

Trace 

Sodium  bromide 

6.67 
Trace 

0.18 
Trace 

1.28 
Trace 

1.80 
Trace 

O.IU 

0.84 

Calcium  fluoride  

Trace 

Sodium  iodide 



8.60 

0.05 

A  Inmina 

\      i-5t{;       t^ 

0.09 

Silica  

8.19 

Organift  matter 

Trace 

Trace 

Total 

017.87 

302.91    ,             606.17 

331.84 

Carbonic  acid 

407.65 

844.16    '              BM.07 

245.78 

AtoHmpherio  air 

4.62 

Saratoga  Springs. 

Conatituenta. 

Tiohy  Spring. 
Ort.  per  gall.* 

Walton  or 
Iodine  Spring 
(Star  Spring). 

Or^-per^aUA 

Waahingt4 

9n  Spring. 

Sodinm  carbonate r ,T,r»-     .,-- 

Qri.pergaU.* 

Qrt.pergaUJ 

Sodium  bicarbonate 

82.87 

&48 

16160 

Calcium  uarbonate 

26.00 

92.60 

r!A.1^lnin  hi4>arbAnatfi 

95.62 

84.10 

Main>eainm  carbonate  .............r-T* 

76.00 

Mainiesinm  bicarbonate 

41.50 

Trace 

1.76 

65.97 

40.92 

Iron  carbonate ■• 

1.00 

8.'80"" 

8.25 

Iron  bicarbonate 

0.06 

0.59 

Trace 

Potaiwinm  aniphate 



MflmiMiinin  pafuliate 

0.05 

Trace 
Trace 
128.69 



Sodium  biborate 

1-     -.  - 

Sodium  chloride .., 

187.00 

182.73 
0.20 

281.50 

Calcium  chloride 

Potaaninm  chloride 

14.11 

Magneaium  chloride 

6.68 
0.47 

:::::::::;:;::: 

Potassium  bromide 

0.99 

Trace 

Trace 

0.48 

0.76 

Trace 



Calcium  fluoride 

i 

Sodium  iodide 

8.60 

2.24 

Trace 

1.50 

2.75 

Alumina 

Silica / 

1.50 

Organic  matter 

Total 

867.82 

294.60 

350.22 

439.02 

Goict. 
Carbonic  add 

883.07 

826.00 
4.00 

368.77 

262.50 

Atnmapherio  air 

6.80 

•C.  F.  Chandler,  analyst. 

» J.  B.  Chilton,  analyst  (1841). 

•0,  F.  Chandler,  analyst  (1878). 


(ifl») 


'E.  Eramonn.  analyst  (1889). 

•  J.  R.  Chilton,  analyst. 

'John  H.  Steele,  analyst  (prior  to  1888), 
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MINERAL   SPRINGS  OP  THE  UNITED  STATES. 


[BUL.U  t&. 


NEW  JESBEY. 

This  State  is  not  conspicuous  for  the  number  of  her  mineral  springs. 
Schooley's  Mountain  Spring  is  the  only  well-known  resort 

The  water  of  a  sprihg  at  Woodbridge,  in  Middlesex  County,  was  at 
one  time  bottled  for  sale,  but  so  far  as  reported  none  of  the  waters  of 
the  State  is  on  sale  at  present.  Unimproved  weak  chalybeate  springs 
doubtless  exist  in  many  portions  of  the  State,  but  they  are  at  present 
of  comparatively  little  importance. 

A  number  of  artesian  wells  have  been  sunk  at  Newark,  Paterson, 
Jersey  City,  and  in  other  parts  of  the  State,  and  the  water  in  many  of 
them  is  quite  highly  mineralized.  Several  of  the  analyses  are  included 
in  the  table.    So  far  as  known,  they  are  not  utilized  medicinally. 

MineriU  springs  of  New  Jersey. 


"Nvne  and  location. 

1 
1 

Flow  in  gallons  per 
hour. 

1 
1 

Character    of 

the  water. 

Bemarka. 

ArtenanwOU:^ 

At  PMMic  Rolling  MiU,  Paterson. 

Passaic  Coanty. 
At  Cellnloid  Work8,New»rk,  Essex 

Coantv. 
On  PosBaic  River  (Lister Brothers), 

Newark,  Essex  Oonnty.     . 
At  Limbecli  &  Bets's,  Ninth  street, 

Jersey  City,  Hudson  Connty. 
At  Winslow,  Camden  Connty 

o 

Saline. 
Calcic,  saline. 

Da 
Saline. 
AJkallne. 

Be«>rt. 

TTnimprored,   but 
once  bottled  and 

1 

^ 

521 

Bishop's  Well   (43  feet).  New  Bruns- 
wick, Middlesex  County. 

Manasqnan   Spring,  Point   Pleasant, 
Ocean  County. 

Ifineraltpringn: 

At  Ocean ville,  (!)  IConmonth  Co... 

Calcic 

"• 

On    Pohatconjc   Mountain,    near 
Broadwav.  Warren  County. 
Paint  Spring,  Kittatinny  Mountain, 

Warren  County,    near  Delaware 

Gap  Water. 
Schooley's  Mountain  Spring.  Schooley's 

Mountain,  Morris  County. 
Spa  Spring,  Woodbridge,  Middlesex 

CtMinty. 
Warwick  Spring,  Newark,  Essex  Co . . . 

1 
^ 

20 

68 
Cold 

Chalybeiite... 
Chalybeate  ... 
Saline 

was 
aold. 

1 

•  Only  those  of  which  analyses  are  giTcn  in  the  table  are  Included  here. 
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Sohodl^'s 

Honntaln 

Spring. 

Warwick 
Spring. 

Artesian  WeUs. 

Passaic  Boll. 

ingHiU. 

Lister  Bros., 
Newark. 

SdKdt. 

Grolnt 
ptrgdOon.* 
a68 

GrtBtnt 
pergaUan.^ 

Oraifu 
per^foUon.* 

Oraim 
pergtUlim.* 

11.27 

Ma<n>Mliim  carbonate 

1.60 

L65 

l&OO 

imn  rArbonatc ...... 

0lC8 

2.72 

Vanpiueae  carbonate 

Trace 
1.43 

Calcium  oarbooate ,.. 

41.82 
ia43 

Ajnmoninm  bicarbonate 

Calcinm  sulphate 

LQ8 

120.70 

106.98 

16.94 

MacDesfam  sulphate 

25.87 

Alumina 

0.14 

Trace 

0.74 

0.48 

0.70 

Ammonia 

Silicic  acid 

0.82 
18.41 
6.40 

Sodinm  chloride 

408.46 

6.64 

27a  32 

100.44 

7.00 

2.47 

Potassium  chloride 

Magneainm  chloride 

Iron  and  alamininm  chlorides 

Trace 

0.00 

Trace 

Trace 

Potassium  nitrate 

Organic  matter 

Bromide 

Trace 
Trace 

Iodine :::..;::::;.::;::: 

Total 

7.17 

112.75 

029.46 

162.81 

Oat. 
Carbonic  add 

Chtbicinclui. 

Oubieinehet. 
101.03 

Ottbicineha. 
Undetermined 

Oubieinehet. 

Artesian  Wells. 

Btebop's  Well, 

CoDstitaents. 

Celluloid 
WorloLNew- 

liimbech^ 

Bets's,  Jersey 

City. 

Winslow. 

New  Bruns- 
wick. 

SoUdM. 

GravM 
6.10 

Graint 
pergaUoru* 

Partt 
in  l.OOO.* 

enUnt 

Hagnesium  sulphate 

30.88 

Calcium  sulphate : 

14a  62 

Sodium  sulphate 

ii.76 
ia70 
86.10 
2.00 

. 

Hagneslnm  sulphate 

Caldum  sulphate 

siiicicacid. ........;;::::::  :: 

.0140 
.0100 

Potash 

Sodium  chloride 

0.60 

10.00 

Soda 

39.60 
6.05 
0.36 
4.11 

66.60 

.0654 
.0202 
.0079 
.0027 
.0002 
.0620 
.0080 

Lime ..:::":::::::::::: 

Kagnesia !. ........ 

Sulphuric  acid  

Cli&rine 

CarboBloacld 

Inmpextndde 

Total : 

124.20 

126.42 

.1664 

180.60 

•  C.  Mclntyre,  Jr.,  analyst  (1870). 
»  C.  F.  Chandler,  analyst  (1870). 


■  New  Jersey  State  Geologist's  Report,  1880. 
*  New  Jersey  State  Geologist's  Beport,  1879. 
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MINERAL   SPRINGS    OF   THE   UNITED   STATES. 


[BUl^L.  32. 


PENNSYLVANIA. 

Very  little  has  ever  been  published  with  especial  reference  to  Penn- 
sylvania mineral  waters.  Walton's  Mineral  Springs  of  the  United  States 
and  Canada  (edition  of  1883)  credits  the  ^tate  with  eight  locations.  In 
Moorman's  book  of  1873  thirteen  are  mentioned,  while  Pepper's  list  of 
1880  contains  thirty- two.  In  the  present  list  forty-four  are  included, 
of  which  sixteen  are  places  of  resort  and  five  are  used  commercially. 
Several  of  the  springs  have  been  popular  resorts  for  years.  Bedford 
Springs  has  been  so  utilized  since  1804.  Next  to  these  the  Gettysburg 
Springs  are  probably  as  well  known  as  any  other  In  the  State.  Cresson, 
Minneqna,  and  Blossburg  Springs  are  also  among  the  most  important. 
The  Bath  Spring  at  Bristol,  which  was  a  place  of  considerable  resort  in 
Revolutionary  times,  has  so  declined  in  importance  that  few  are  aware 
even  of  ito  existence.  Some  of  the  springs,  like  those  atEphrata,  Yel- 
low Springs,  and  Caledonia  Springs,  are  summer  resorts,  but  the  waters 
can  scarcely  be  called  mineral  waters,  as  they  are  merely  notable  for 
their  purity  and  the  desirability  of  their  situation. 

The  Reports  of  the  Second  Geological  Survey  present  much  informa- 
tion in  relation  to  the  mineral  springs  of  Pennsylvania,  and  contain 
many  analyses,  made  mostly  by  Dr.  G^nth.  These  have  been  drawn 
upon  and  form  the  majority  of  the  analyses  given  in  the  table  following 
the  list  of  springs. 

The  chalybeate  springs,  as  in  most  of  the  neighboring  States,  out- 
number the  others.  There  are  a  large  number  of  sulphureted  waters 
and  one  spring  (Blossburg)  is  known  to  contain  free  sulphuric  acid.  The 
Perry  County  Spring  is  the  only  warm  spring.  In  most  of  the  books 
the  temperature  of  this  spring  is  given  as  from  70^  to  72<^  Fahr.,  but 
information  derived  directly  from  the  spring  owner  gives  it  as  06^  Fahr. 

Mineral  tprifigs  of  Pennsylvania.  * 


Name  and  looation. 


Adams  White  Salpbar  Sprinim,  1  mile 
Dorth  of  ChaneyoviUe,  Bedford  Co. . . 

Addiaon  Kidgo  Chalybeate  HpriiiKB, 
MoDtoe  Township,  Bedford  Coanty. 

Alum  Rock  Spring.  Alum  Rock,  Clar- 
ion Coantv. 

Bath  Chalybeate  Spriug,  Bristol,  Backs 
County. 

Bedford  Springs,  Bedford,  Bedford 
Coanty. 

Black  Barren  Spring,  Pleasant  Grove, 

Lancaster  County. 
Blossburg  Springs,  Blossburg,  Tioga 

Coanty. 
Cale^loniaorS  weeney's  Springs.l5  miles 

ftom  Chambersburg,  Franklin  Co. 
Carlisle  White  Sulphur  Springs,  near 

CftcUile,  Cumberumd  County. 


1 
1 

2+ 


2,400 
60 


00 


(172) 


:52.7] 

[62. 6 
62 


Character  of  the 
water. 


Sulphureted 

Chalybeate 


Bemarks. 


.do. 
.do. 


Saline,  sulphu- 
reted, and 
ohnlyboate. 


Acid,  chalybeate 


MildaulphuTous 


Once  had  considerable 
reputation  as  a  resort 


Was  once  a  resort. 

Used  commercially 
and  as  a  reaort. 

Do. 

Has  considerable  local 

reputation. 
Summer  resort 

Resort  to  Umited  ex* 
tent. 
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Mineral  springt  of  Pennsylvania — Continued. 


Name  and  location. 


Character  of  tlie 
water. 


Bemarka. 


ChaHubeate  avrinas: 

Four  miles  from  Pittebnrgh,  Alle- 
gheny County. 
Two  miles  north  of  ChambeTsbnrg, 
Frnnklin  County. 
CressoD  Springs,  Cresson  Cambria  Co.. 
UouUliDK  Gap  White  Salphnr  Springs, 
Ui  ubilD^  Gap,  near  l^iewville,  Cum- 
berland County. 

East  Claiion  Sprins,  Elk  County 

Ephmta  Spring,  Epniata,  Lancaster  Co. 
Fayette  Spring,  Fayette  Springs,  Fay- 
ette County. 
Fraokiort  Springs,  Frankfort  Springs, 

Beaver  County. 
Gett  vsbure  Katalysine  Spring,  Gettys- 
burg. Adams  County. 
Gi'itysbur;;  Lithla  Spring,  Gettysburg, 

Adams  County. 
Guylyck  and  Gaylord's  Spring,  Blosa- 

burg,  Tioga  County. 
Hater's  Cbalybeate  Spring,  1  mile  north- 
east of  Bcsdford,  BeaforoCounty. 
Kane  Geyser  Well  (2,000  feet),  near 

Sargent,  McKean  County. 
Kane  Sulphur  Spring,  2|  miles  north- 
west of  Kane,  McKean  County. 
Kittanning   Mineral  Spring,  Kittan- 

ning,  Armstrong  County. 
Lovett  Sulphur  Sprlnga,  1  mile  from 
I^rotto  and  near  Wildwood  Springs, 
Cambria  Countv. 
May's  Springs.  Mtlligan*s  Cove,  Harri- 
son Township,  Bedibrd  County. 
McCarthy's  or  Saltillo  Mineral  Springs, 
I     near  Saltillo,  Huntingdon  County. 
McElroy's  Spring,  Westmoreland  Co.. 
MoViUy's  Spring,  near  Saltillo,  Hun- 
tingdon County. 
Miaetalgpringi: 

Near  Clarion,  Clarion  County 

Boso  Valle  V,  near  Reading.  Berks  Co 

Hanover,  Vork  County 

Minnequa   Springs,    near  Minnequa, 

Bradford  County. 
Perry  County  Warm   Spring,   Perry 

County,  U  miles  from  Harrisburg. 
Reed  and  Lyon  White  Sulphur  Spring. 
Milligan's  Cove,  in  Harrison  Town- 
ship, near  Bedford  Springs,  Bedford 
County. 
Saline  Spring  (Mr.  Peterson's),  near  Ta- 

rentum,  Allegheiiy  County. 
SaUnrrin^s: 

Near  Conemaugh,  near  Saltsburg, 
Indiana  County. 

Near  Alba,  Bradford  County 

Sulphur  springs  : 

Near  bead  of  Mill  Creek,  in  Mead 

Township,  Crawford  County. 
On  Ander's  Bun  2^  milett  southwest 

of  Ironton,  Warren  County. 
On  Ben's  Creek,  Somerset  County . . 

In  Toboyne  Township,  Perry  Co 

Three  Springs,  Three  Spnngs,  Hun- 
tingdon County. 
Wildwood  Springs,  Loretto,  Cambria, 

County. 
Wolforrf's  White  Sulphur  Springs,  Wol- 
foid's  Gap,  Bedford  County. 

Yellow  Sprmgs.  Chester  County 

York  Sulphur  Springs,  York  Sulphur 
Springs,  Adams  County. 


200+ 


42-48 
67 


160 


Chalybeate,  &o . 

Snlphureted 

and  chalybeate. 

Saline... 

CluJybcAto .'!'.'.'. 
....do 

Alkaline 

.....do 

Acid  chalybeate. 

Chalybeate 

SaUne 

Solphoreted  — 

Calcic,   chalyb- 
eate. 
Snlphureted 


2-1- 
24- 


60 


60 


Chalybeate . 
Calcic 


Beaort. 
Da 


Bo. 
Onoe  a  Teaort. 

Resort. 

Used  oommeroially. 

Bo. 

Bo. 
Beaort 

Unimproved. 

Bo. 


125 


53 


600+ 
5,400 


Besort  to  limited  ex- 
tent. 

Chalybeate '  Looal  resort. 

Calcic j  Used  slightly  as  are- 
sort. 

Chalybeate Unimportant. 

.-.do 

...do 

Chalybeate,  sul-  i  Resort  and  water  sold 

phnreted.  |      to  limited  extent. 

Alkaline,  calcic.   Has    been    a  resort; 

abandoned  now. 
Sulpho  -  chalyb-    Resort. 


Snlphureted,  &o 
Chalybeat^  iaa . 


Ba 
Bo. 


Ba 
Ba 
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Analyaes  of  mineral  springs  in  Pennsylvania, 


IBULL..82L 


Conatitaeiitii. 


Bedford  Springs. 


Sweet  Spring. 


Cftldam  oarbonftte 

Ma;:^Qeftinin  carbonate. . 
Maop^aneso  carbonate . . 

Iron  carbonate 

Sodium  salphato 

Calciam  sal pbate    

Porassium  sulphate  . . . . 

Strontium  sulphate 

Magnesium  sulphate. . . 

Barium  sulphate 

Calcium  phosphate 

Sodium  cnloride 

Potassium  chloride 

Lithium  chloride 

Silica 

Hydrosnlphnric  acid  . . . 
Carbonic  aoid 


Ort.pergdU.^ 
0.52 
0.14 


Tota]. 


0.65 


0.31 


1.02 


Magnesia  Iron 
Spring. 


Chrt.pergaU.^ 
8.47 
0.59 
Trace 
0.05 
0.61 

90.46 
0.30 
0.01 

8&68 


0.02 
0.53 


Trace 
0.17 
0.01 
1.27 


141. 17 


Sulphur      I     Magnesia 
Spring.       I       Spring. 


Ori  per 


rgaXL* 
10.21 


Ort.pergaa. 


1.00 
Trace 
0.08 
0.51 
73.08 
0.41 


88.40 


0.02 
0.87 


Trace 
0.54 
0.06 
2.79 


122.49 


43 
0.94 
TTa.^e 
0.04 
0.33 
99.83 
a  18 
0.13 
39.62 
Trace 
0.01 
0.46 


Trace 
0.77 

Trace 
0.56 


153.30 


Limestone 
Spring. 


Qrs.p«r  gaU,*^ 

T.09 

L88 

Trace 

Ol04 


ass 

0.27 
0.08 
0.29 


Trace 

a23 

Trace 


0.47 

Trace 

3.77 


14.70 


Constituents. 

Bedford  Springs. 

Hafor's 

Chalybwite 
Spring. 

Spring. 

Fayette 

Chalybeate 
Spring. 

Anderson 
Spring. 

Spring. 

Sodium  carbonate '. . 

0,18 

a85 

Qrs.pergaU^ 

Ort.pergaU.^ 
0.75 
0.25 
n.34 

OTg.pergalL* 

Ors.per  gall* 

PotasBinm  carbonate 

Calcium  carbonate   

<^^nlcium  bicarbonate 

&00 

9.33* 

Ma^ncHium  carbonate  . . . 

1.20 

2.52 

Ma^nesinm  bicarbonate.. 

1.53 

Mau panose  carbonate 

Man{r;iuoao  bicarbonate  .. 

Trace 

0.02 

0.05* 

Iron  carbonate 

0.44 

5.66 

hhk 

Iron  l)icarbonate 

1.07 

Sodium  sulohate  ......... 

1 

L21 

0  20 

Calcium  sulphate 

Potasfliam  sulphate 

2.74 

15.00,                 4.40 

Q.  06 

0. 11 

^In'^uesiom  sulphate.  ... 

80.00 

3.24 

0.25 

Calcium  phosphate 

Sodium  cnloride  ..  ..   ... 

0.08 
6.12 

6.-6i- 

0.18 

0.05 

i6.66 

3.00 

0  09 

Calcium  chloride 

Lithium  chloride 

Trace 

Alumina 

Trihce 

Silica  

0.79 

Trace 

5.60 

0.86 

L30 

1  20 

HydroAuIphuric  acid 

Carbonic  acid  (free) 

Jfitrous  acid 

0.38 

Trace 

Logs 

3.00 

Total 

20.30 

124. 00|               20. 71 

5.75 

14.  32 



Gat. 
Carbonic  acid 

(MrieinehM. 

Chdrie  inches. 

74.00 

ChtMeinehee. 

Ouhieinehee. 


Cubicinchea. 



*  F.  A.  Genth,  analyst  (1878). 
•>  F.  A.  Genth,  analyst 
"Pr.Chnioh,  analyst 


'  Band  Si.  Cresson,  analysts. 
•  F.  A.  Genth,  analyst  (1875). 
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CoDfltitaents. 

Creeson  Springs. 

Iron  Spring. 
(hraint 

Alum  Spring. 

Magnesia 
Spring. 

Spring. 

Sodiam  rarboDate ....... 

Oraitus 

Grains 
pergaUon.*^ 

Qrainasper 

imp.  gaXbm> 

46.05 

Qroins 
pmrgoUon,* 

RAillnm  liifMrlinnAt^t 

1.43 
0.21 
0.02 
0.41 

a  70 

Potassiuin  bicarbonate . . . 

Trace 
81.00 
76.05 

Cnlcium  bicarlranate 

Vagijewinin  bicarbonate. . 

8.53 

16.41 

Kickel  bicarbonate 

Trace 

J^njianose  bicarbonate . . 

Trace 
3.75 

Trace 
0.02 

0.01 

Iron  bicarbonate   

Cobjlt  bicarbonate 

5.04 

Trace 

ao4 
Traoe 

Copper  bicarbonate 

Traee 

MacneBiam  borate 

:: :: ;;■:: : 

0.08 

Sodiam  anlphate 

1.64 
4&92 
0.32 

0.70 

40.20 

0.43 

2.47 

Calciam  sulphate 

PolaAsiuui  solpUate 

Strnntium  Bnlphate 

0.11 

58.20 

a88 
0.21 

Ttaoe 

Litliinm  sulphate 

Magneainm  sulphate 

Alnminlnm  sulphate 

Barium  sulphate 

Trace 

22.58 

1.60 

0.05 
27.70 
21.20 

a78 

Trace 

Iron  Rolphate 

23.48 
Trace 

i6.25 

33.39 

Trace 

0.02 

Iron  persulphate 

Calcium  phosphate 

Sodium  colonde 

0.03 
0.04 

Trace 
1.23 
1.30 
0.56 

Trace 
Trace 

0.01 

ao6 

Calcium  chloride 

MftirnMiiiim  chloride...     J 

Lithium  chloride 

Trace 
Trace 

Trace 

Magnesium  bromide 

Calcium  fluoride • 

0.01 

Alumina 1    --  

0.01 
0.92 

Tzaoe 

Silica 

1.21 

1.87 

j^iiiftin  OTid*» 

10.00 

S.68 

Carbonic  acid  (ftee) 

0.66 
Trace 

Nitrons  acid 

OrjEanic  matter 

^71 

Impurities 

LIO 

] 

ToUl 

108.38 

145. 56    i                 <t^  fiff 

266.80 

2&64 

•  F.  A.  Genth,  analyst  (1876) . 
^  A.  IL  Mayer,  analyst. 


'  F.  A.  Genth,  analyst  (1874). 
*  With  nitric  acid. 
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CoDStitaentB. 

Gettysburg  LithiaS 

prlng. 
Qrt.pergatt.* 

£ast  Clarion 
Spring. 

KaDeGeyaer 
WelL 

Sodium  bicarbonate . 

^••^fS' 

Ori^per^M^ 

€hn.per  gaUL* 

Gn.pmrgaXL^ 

4.14 

CAlclum  bicarbonnte 

ian 

8.00 

9.96 

0.80 

"Magnftwinm  rarbofiatA 

0.86 

Ma^Mium  bicarbonate.. 
HtroTftinm  bic9>rbonato  . . . 

6.81 

7.81 

&88 

0.5B 
Trace 

Manganeae  carbonate .... 

Trace 

Trace 

Iron  carbonate 

7.77 

Iron  bicarbonate 

a  08 

0.06 

0.04 

a78 
0.18 
0.19 

ai4 

Barinm  bicarbonate  .  . 

Amnioniam  nitrate  r ..... . 

MaKneainm  nitrate 

Sodium  snlnbate   ....        ' --     -- 

0.20 
a25 

Cnlciom  snlphate 

Potaasinm  solnhate 

Magnesium  BDlnhate .  ... 
Galcinm  phospnate . ...... 

0.48 
0.16 
8.80 

0.48 
0.16 
8.80 
0.01 
0.82 

8Si40 

Trace 
886.80 
51.86 
0.90 
0.06 
16.34 

0.07 

Sodium  chloride 

a28 

6456.87 

Caloiom  chloride 

2871.82 

Potft4<f*?in  chloride 

0.11 

2.63 

Strontium  chloride 

Mameaium  chloride 

655l96 

Iron  chloride 

2.49 

Lithium  chloride 

Trace 

Trace 
L7a 

2.66 

Barinm  chloride 

M  Agne^iom  bromide 

76L94 

Magneaiom  iodide 

0.88 

LiTHi™™.™. :;:    . 

Trace 

A1nmini¥ 

0.08 
1.76 

Silica 

a  70 

0.47 

Silicic  oxide 

L78 

0.17 

Total 

26.24 

21.06 

25.25 

418L94 

10016.94 

ConAtitnenta. 

Kittanning 
Mineral 
Spring. 

Chalybeate 
Spring. 

McCarthy's 
Springs. 

McVltty»8 
Spring. 

Mineral 

Spring,  Han. 

over. 

Sodium  carbonate 

Grg,p€rgaU.* 

€hrt,p€T  gaXL* 

Qrt.p^rgoXL* 

Gfrf.p«ryaa.« 

Gr§.perg^aJ 

Calcium  carbonate 

&67 

029 

Calcium  bicarbonate 

18.06 

28.24 

9l84 

Magnesium  carbonate. . . . 

L18 

Magnesium  bicarbonate.. 

0.88 

,. h^.. 

Manganese  bicarbonate . . 

6.25 

Iron  carbonate 

0.06 

Iron  bicarbonate 

0.08 

7.79 

72.20 

0.14 
.LOl 

8.78 

66.12 

1.68 

0.91 

26.86 

24.49 

0.11 

0.66 

L81 
4.66 

Calcium  sulphate 

Aluminium  sulphate 

Potassium  sulphate 

0.44 
2.26 

0  22 
4L80 

0.16 
T»oe 

Mngnosium  sulphate 

Iron  sulphate 

042 

Calcium  phosphate 

Sodium  cnloride 

6.05 

0.46 

Trace 

Trace 
0.31 

Trace 
0.06 

Lithium  chloride 

021 

164 

Alumina 

016 

Silica 

1.17 

6.83 

1.17 
0.02 

0.69 

ao8 

Hydrosnlphuric  add 

Carbonic  acid 

&46 

Total 

145.86 

28.26 

146.61 

18.69 

298 

•  F.  A.  Genth.  analvst  (1874). 
^  O.  Oldsburg,  analyst. 

•  F.  A.  Genth,  analyst  (1875). 
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•  F.  A.  Genth,  analyst. 

'  Pro!  Hollenbush,  analyst 
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CoBttiteeiite. 

Kane  Sulphur 

Beed  and  Lyon 

White 
Snlp>ur  Spring. 

Sodlnm  o^rbonftt*  -- r , 

Orahu 
pergatton,* 
1.44 

p9rgaUon> 

eraint 
ptrgoUon^ 
1.09 

Oratnt 

0.54 

IMfimnhiCVrlMniftte      .r..-.-r..Trr      T. 

L88 

Potnimlain  rarbomie 

0.48 

a  14 

4.78 

0.78 

&58 

6.58 

Mftgnw^ni"  *^»rboniitft x, 

0.85 

1.27 

L29 

MAffiMwimn  bicarhonattt 

1.50 

IT^ickel  carboDiite 

Trace 
Trace 

ifAnpiff^^  carbfRittto 

0.06 
0.01 
Trace 
0.04 
0.01 
0.08 

}          Traoe{ 

Inm  carboQftto  ......  .........T--..r- 



0.10 

0.48 

llagnefliain  bomfce 

• 

AonDonium  nitrate 

ATnTnonlnm  nitrite. ..r....... 

Sodinm  ffplphate  !. 

1.01 

OaJcinm  aninhate 

0.07 

0.49 

0.86 

Potaiwrtn'ni nnlDhate  ...r-r...... ...... 

0.22 

Ifafrnesiam  Biupbate 

0.96 

Barinju  tralphate         ........  ....... 

Trace 
0.01 
0.19 

Calciam  phosphate - 

0.01 

a77 

Trace 

Sodium  chloride 

1.03 
Trace 

0.19 

Potaaaiam  chloride 

T.lr.hinm  c^iloHde r  r  .....  T  r ..  T  T  - 

Trace 

Trace 

Trace 

Xron  nrotoxide                              ... 

1              8.70| 

Alumina 

0.08 
0.60 

Trace 
0.76 

Silica   

1.81 

Sulphur 

L84 

Trace 
8.10 

0.01 

0.06 

Carbonic  aoid 

1.29 

Orgfuiic matter   . , 

0.74 

Total 

12.82    1                10.75 

10.39 

18.76 

Constitiienta. 

AndeJal^nnf 

Bloaabnrg 
Springs. 

Perry  Connty 
Warm 
Spring. 

Qnylyck  and 

Gay]ord*8 

Spring. 

A'^fv^m  n^rbrniatfk 

Cfrcnnt 
pwgaUon^ 
7.49 
0.61 
4.75 
2.47 
0.18 

Qraint 

QrainM 
pergaUon.* 

Oraint 
pergaXLon.* 

2.67 
1.94 

^f  AcmeRinm  earbonatA 

Tmn  CAr)>onati4t 

Sodinxn  aninhate      .  ..........  ...   . 

0.27 
23.18 
6.68 
0.24 
0.12 
13.10 
1.83 
0.86 
0.03 

0.26 

CAlcinm  AnlnhatA 

a  61 

17.91 

Aliuninlnm  imlnliftfA                      .    . 

0.56 

Iiitbinni  anlnhata 

IfTainM^flinin  nnlnbatA         ... 

16.55 

Vanfff^ne^e  aninhate  ...        

Wielcel  aninhate 

r!obalt  aninhate 

78.00 

TfYin  nf^Tanlnhata 

81.82 
0.83 
0.10 

SVkclinni  cbioHflA 

0.06 

Alkalina  aalta  /chfaftv  cUnridaa) 

•        L09 
*     0.60 

aoi 

2.16 
6.64 

0.56 

flnlnhnrlo  aeid         

8.10 

C!An>cynic  ftdd 

6.60 

.^..         1 

Armmir!  m«i±«i>                               ... 

:::::::::::::::; 

^90    1 

Total  

24.20 

85l20    1                  9.20    1 

lia98 

1 

*  F.  A.  Genth,  analyst. 

»F.  A.  GentK  analyst  (1875). 

•Dr.  Gregg,  analyst 


<  James  C.  Booth,  analyst  (1850). 
•S.  A.  Lattimore,  analyst  (1885). 
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[BULLS. 


SOXTTHERN  ATLANTIC  STATES. 

The  general  geologic  featares  of  the  Southern  Atlantic  States  are  very 
much  like  those  of  the  Northern  Atlantic  division  and  the  mineral  springs 
are  also  similar.  Solphureted  waters  and  chalybeate  springs  are  most 
prominent  in  both.  There  is,  however,  this  difference :  thermal  springs, 
which  are  of  infrequent  occurrence  in  the  northern  section,  are  quite 
numerous  in  the  southern.  This  is  probably  due  to  the  fact.that  faulted 
strata  are  more  prevalent  in  the  Southern  Appalachians  than  in  tbe 
Northern,  which  recent  observations  by  members  of  the  United  States 
Geological  Survey  (most  of  them  still  unpublished)  seem  to  indicate  is 
the  case.  The  connection  of  many  noted  European  springs  with  dislo- 
cated strata  has  long  been  known,  and  Prof.  W.  B.  Bogers  also  called 
attention  to  the  same  state  of  things  in  Virginia,  in  his  memoir  On  the 
Connection  of  Thermal  Springs  in  Virginia  with  Anticlinal  Axes  and 
Faults,  published  (1840-1842)  in  the  Transactions'  of  the  Association  of 
American  Geologists  and  Naturalists. 

The  Southern  Atlantic  States  have  more  springs  that  are  utilized  for 
places  of  resort  than  has  any  other  section,  except  the  Southern  Cen- 
tral  States. 

Virginia  stands  at  the  head  of  the  section  in  this  respect.  Only  one 
State  (Tennessee)  in  any  other  section  has  more,  and  in  the  latter  case 
probably  more  of  the  localities  are  used  simply  as  local  resorts. 

A  large  number  of  the  springs  in  this  section  are  still  unknown  so  far 
as  a  definite  statement  of  their  chemical  constituents  is  concerned,  but 
every  year  adds  to  the  list  of  analyses. 

Summary  for  Southern  Atlantic  Stat&g, 


Stttto*. 


Knmberof 
Bpiinglo- 
oaUtlM. 


Namber  of 
individoAl 
Bpiings. 


Number  of 
springs 
■Dslysed. 


Knmborof 
sprios  lo- 
calities 
utilised 
ss  resorts. 


Knmberof 

nsedcom- 
meroisUy. 


Totslmmi- 
ber  of 
SMS^yiws. 


DeUirsre 

Maryland 

Bistriot  of  Colombia 

yirgiiila 

West  Virginia 

Voiih  Carolina 

Bonth  Carolina 

Georgia 

Florida 

Total 


0 

101 

4 

807 

00 
175 

89 
200 


0 

4 
0 
87 

a 
» 
i 

21 
4 


871 


1,048 


148 


108 


101 
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DELAWARE. 

From  the  few  reports  of  geological  surveys  of  Delaware  we  learn  that 
chalybeate  springs  are  numerous,  as  would  naturally  be  expected  from 
its  geological  structure. 

They  are,  however,  of  comparatively  little  importance,  only  one,  so 
far  as  learned,  having  ever  been  utilized  as  a  place  of  resort,  viz,  the 
Brandy  wine  Chalybeate  Spring,  which  has  long  been  abandoned. 

The  table  includes  all  the  springs  of  which  mention  could  be  obtained 
by  correspondence. 

Mineral  ttpringsof  Delaware. 


Xame  and  location. 


I 


Character^  the 
water. 


BrandywineChidjbeateSpriag,  Faulk- 
land,  west  of  WUmlngton,  New  Cas- 
tle County. 

Mnural  imrfngt: 

ITear  l>agsboroagh,  Sussex  Coonty . 

Two  miles  from  Doyer,  Kent  Co . . . 

Ten  miles  fi-om  Dorer,  Kent  Co 

At  Smyrna,  Kent  County 


Cl»alybeate . 


Chalybeate . . 
Snlpnnreted. 


Onoe    ImproTed    and 
need  as  a  resort. 


Uofanproyed  and  un- 
important 

XJnimproyed. 
Do" 

TTnimproved  and  filled 
np. 


MARYLAND. 

The  general  works  on  mineral  springs  give  no  space  to  Maryland  and 
Dp.  Pepper's  list  includes  but  one  locality,  viz,  the  OarroU  White  Sul- 
phur Springs  of  Alleghany  Oounty,  which  at  present,  so  far  as  we  can 
learn,  is  not  resorted  to. 

There  are  several  localities  that  were  once  used  extensively,  but  have 
fiJlen  into  disuse. 

The  proximity  of  many  of  the  springs  to  those  of  Virginia  has  prob- 
ably caused  them  to  be  neglected.  Still  thei^e  are  several  places  of  re- 
sort, and  the  water  of  one — the  Strontia  Well  of  Brooklandville— is 
used  commercially.  In  the  eastern  part  of  the  State  the  springs  are 
mainly  chalybeate,  the  majority  of  them  unimproved  and  unimportant 
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Mineral  BpHngs  of  Maryland, 


[BCLL32. 


Jf  ame  and  loMUon. 

/ 

1 

1 

1 
1 

Charaotarof  the 
water. 

• 
Benaiki. 

Barren  Creek  Springs,  Barren  Creek 

Springs,  Wicomico  County. 
Belinda^ring,  14  miles  from  Shaips- 

bnrg,  wasbiikgton  Connty. 
Bentlev's  Springs,  Bentley's  Springs, 

Baltimore  Connty. 
Bevy  Springs,  old  Carroll  estate,  Ta- 

koma  Park,  Mo  ntgomery  County. 

Wittman,  Talbot  Connty. 
Blue  Sulphar  Springs,  Piney  QroTe, 

AUegbany  County. 
CkOde  tprings : 

Near  Hagerstown,  Washington  Co. 

Carroll  White  Sulpbnr  Springs,  be- 
tween Green  BidgeandPoUsh  Mount- 
ain, Alleghany  County. 

&  miles  irom  Baston,  Talbot  Co. . 

o 

Chalybeate 

Once  n  Red  extemiTcl  j. 

1 
60 
7 

Once  a  resort  bnt  now 

Alkaline^    oha- 
Chalybeate,  &o. 

unimproved. 
Resort 

Untmpioved. 

» 

Do. 

common. 

4 

48 

Sulphnreted.... 

Near  Hancock,  Washington  Co ... . 
Near  New  Windsor,  Carroll  Co 

a 

Unlmpioved. 

In  Queen  Anne's  County 

Xnnail's  Spring,  south  of  Trappe,  Tal- 
bot Connty. 

Flint  Stone  Mineral   Springs,  Flint 
Stone,  Alleghany  County. 

Ooldsborbngh  Springs,  2  miles  south- 
east of  Dondee,  Talbot  County. 

Lloyd's  Spring,  Near  Lloyd's  Landing, 

Mineral  ewingi: 

Near  Clear  Spring,  Washington  Co . 
AtMlneralSpring,  Garrett  County. 

At  Green  Spring  Furnace,  Wash- 
ington County. 

Ontnun  Springs,  south  of  Baston,  Tal- 
bot County. 

Bidgeway's  Springs,  west  of  Baston, 
Talbot  Connty. 

Biyer  Springs,  River  Springs,  Saint 
Mary's  County. 

Spa    Spring,     Bladeusburg,    Prinoe 
George's  Connty. 

Do. 

100 

Gold 

Saline 

Used  looaiQy. 

UnlmproTad. 
Do. 

1 
a 

Snlpho- chalyb- 
eate. 
Saline,    cha- 

Do. 

* 

Do. 

Do. 

9 

1 
1 

100 
180 
NO 

96 

60 

Chalybeate,  &e  . 

Saline,   chalyb- 
eate. 
do 

Besort. 
Do. 
Used  oommerdaUj. 

Unkaportant  and  n- 

improved. 
TTnimprov  od. 

important. 

ville,  Baltimore  County.' 
JStUnlkUT  tpnnat ' 

At  Sulphur  Springs  Station,  B.  Bl 

P.  B.  R..  Baltimore  County. 
Near  Williamsport,   Washhigton 

Connty. 
NearJInuian  Springs,  Washington 

County. 
Warm  Springs,  1  mile  fh>m  Flint  Stone, 

Windsor  Sulphur  brings,  near  Wind- 
sor, Carroll  County. 

04 

Salphaieted,fto. 

Besort. 
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• 

end  Spring. 

fienUey't  Springs. 

Flint  Stone 

Constitaeiita. 

Chalybeate 
Spring. 

Station 
Spring. 

Mineral 
Springs. 

5^Ai1iniii  AArbonato  ................. 

Parts 
tn  100.000.* 

€hraiM 

pergdUon.** 

0.46 

0.68 

0.64 

0r(Un$ 

p0r  gallon^ 

0.37 

0.26 

0.84 

erains 
pergaUon.* 

MA^^fninm  cArbonato  ...-r.r^...... 

Caloiom  carbonate 

Calcium  bicarbonate) < - ..^ ,-- 

6.75 
L86 

Strontiam  bioarbonato 

, 

Itdii  carbonate 

0.89 

6.88 

Calcinm  snlphate 

0.86 

0.86 

Strontimn  anlii'haie 

0.22 
1.43 
4.66 

12.87 
6.72 

86.46 

Sodlnmnltrat^T... .r 

Potaftftinm  nitrate ...x.,.. 

Bo4>nn>  <*-h)ori4e       -    

0.27 

0.19 

KaffneexQin  chloride 

Calciom  chloride -. 

Iron 

Tiaee 

0.83 
0.87 

Alumina 

1.86 

Loaa 

0.08 
0.43 

a9i 

Silioioaoid : 

Kraoe 

Of jp^ni"  matteir 

Va^av%           ...,,  .. 

12.74 

i!SS?!r ::. ;.  J;;:;;..Vl';i;:.i;;i. 

88.16 

Snlphario  acid 

71.68 

Carbonic  acid,  chlorine,  potash,  and 

soda. 
Phosphoric  acid,  iodine,  ^mmAwiik, 

61.42 

Traod 

Total 

74.76 

4.66 

2.18 

174.00 

Gatii, 
Oxygen........ .................... 

(MUeinehei. 
0.82 
1.23 
3.50 

Nitrogen ... 

Carbonic  acid.. ...x-. r....->...r. 

•W.  Simon,  analyst 

>  W.  £.  A.  Aiken,  analyst  (1867). 


■Hector  Humphrey  and  DaTid  Stewart*  analysts. 

(181) 


Digitized  by 


Google 


54  MINBEAL   8PEING8   OP  THE  UNITED   STATES.  IsuiL-tt. 

DISTEIOT  OP  COLUMBIA, 

A  number  of  the  wells  and  springs  within  the  limits  of  the  DistricI 
are  chalybeate ;  but  none,  even  the  strongest,  is  of  much  importance 
and  the  number  is  so  small  that  no  detailed  list  has  been  made. 

At  Uniontown,  or  Anacostia,  opposite  Washington,  and  also  near  Le 
Droit  Park,  in  the  northeastern  part,  chalybeate  springs  exist.  A  well 
on  Louisiana  avenue,  between  Ninth  and  Tenth  streets,  in  Washington, 
is  said  to  be  quite  strongly  impregnated  with  iron.  There  are  several 
other  localities  within  the  city  limits  that  are  said  to  have  chalybeate 
springs  or  wells.    No  analyses  have  been  made. 

VIEGINIA. 

Virginia  occupies  the  same  position  among  the  Southern  Atlantic 
States  that  New  York  does  among  the  Northern  Atlantic  Statues,  in  re- 
spect to  both  the  number  and  the  variety  of  her  mineral  springs.  More 
than  fifty  localities  are  places  of  resort,  some  of  them  among  the  most 
famous  in  the  country,  and  the  waters  of  more  than  twenty  are  used 
commercially.  Although  the  spring  area  proper  is  in  the  Appalachian 
region,  mineral  springs  are  also  found  in  the  more  level  country  that 
stretches  towards  the  coast  from  the  foot  of  the  Blue  Bidge.  Here  the 
springs  are  largely  chalybeate,  as  would  naturally  be  expected.  The 
thermal  springs  are  confined  to  the  mountain  region.  A  large  propor- 
tion of  the  springs  are  sulphureted,  as  is  the  case  with  so  many  springs 
in  the  adjoining  States. 

The  literature  of  the  Virginia  springs  is  quite  extensive.  Prof.  W. 
B.  Bogers,  in  his  geological  report  on  the  State,  devotes  considerable 
space  to  the  mineral  springs.  Since  his  report  a  number  of  books  have 
been  published,  among  them  those  of  Burke  and  of  Moorman.  These 
have  all  been  consulted  in  the  preparation  of  the  following  table. 
Boyd's  Eesources  of  Southwestern  Virginia,  published  in  1881,  has 
^\qo  furnished  much  information;  but  by  far  the  greatest  amount 
has  been  obtained  in  answer  to  circulars  and  letters  sent  to  various 
portions  of  the  State.  Eighty -seven  analyses  are  given  in  the  table, 
the  number  of  springs  analyzed  being  seventy-five,  which  is  only  about 
one-quarter  of  the  springs  included  in  the  list.  This  number  is,  how- 
ever, slightly  greater  than  the  proportion  in  New  York. 
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Mineral  springs  in  VWgiMa, 


Name  and  location. 


"3^ 
?5 


! 


Charaoter  of  the 
water. 


RemarVa. 


AUc^anj  Springa,  Alleghany 
Spriog,  Moa^mery  Conntv. 

Alnm  Springs  of  Rockbridge  Coan^, 
Goeben  Bridge,  Rockbridge  Co. 

Alnm  Well,  U  milee  northwest  of 
Abingdon,  Washington  Coun^. 

Amelia  borings,  near  Jeteraville, 
Amelia  Coonty. 

Bath  Ahun  Springs,  Bath  Alnm, 
Kath  County. 

Bedford  Alnm  and  Iron  Springs,  Bed- 
ford Springs,  Campbell  Coonty. 

Black  Rock  Springs,  in  Blue  Ridge, 

Aogasta  County. 
Blue    Ridge    Springs,  Bine   Ridge 

Springs,  Botetourt  County. 
Bolsr  Springs,  A  miles  from  Cleek's 

MUls,  Bath  County. 
Botetourt    SpriDgs    (or    Johnson's 

Springs),  8  miles  east  of  Salem, 

Boanoke  Conntv. 
BnfJtingham  White  Sulphur  Springs, 

12  mOes  from  Buckingham  Court- 

HoTue,  Buckingham  County. 
BofUoLithia  Springs,  Buffalo  Lithia 

Springs,  Mecklenburg  County. 
Bonier's  Springs  (Seven  Springs), 

near  Woodstock,  Shenandoah  Co. 
Cecil's  AInra  Springs,  Pulaski  County 
Cedar  Bluff  Sulphur  Springs,  Cedar 

Blofl;  Taaewell  County. 
Chilhowee    or   Hols  ton    Sulphur 

Springs,    10   miles    southwest  of 

Marion.  Smyth  County. 
Church  Hill  Alum   Springs, 

Bichmond,  Henrico  County. 
Cistem  Lick  Springs,  18  miles  nortl^- 

east  of  Warm  Springs,  Bath  Co. 
Clarpole's      Chalybeate       Spring, 

Bnrke's  Garden,  Tazewell  Connty. 
Clifton  Springs,  near  Clifton  Forge, 

Alleghany  County. 
Cold  Sulphur  Springs,  near  Goshen 

Bridge.  Rockbridge  Connty. 

Coyner's  Sulphur  Springs  (post  office 

address,  Bonaaek^s,  Roanoke  Co.), 

Botetourt  County. 
Crystal  Sulphur  Springs,  ISmflea  west 

of  Staunton,  Augusta  Conoty. 
Daggers  or  DibreU  Spring,  Daggers, 

Botetourt  Connty. 
Dickson's   or  Cidlaghan's   Sulphur 

Spring,  Callaghany  Alleghany  Co. 
Dillard's     Springs,     near     Ward's 

Spriuzs,  Pittsylvania  County. 
Edmondson's    Spring,   or   Lebanon 

White  Sulphur  Springs,  Jennings 

Gap  Road.  Augusta  County. 
FalUng  SprinfiT,  9  miles  northeast  of 


Famrille  Lithia  Springs,  Cumber- 
laod  County,  opposite  Farmville, 
_  Prince  Edward  Count; 


FMqnicr  White  Solpbur  Spring, 
Fauquier  Springs,  Fauquier  Co. 

Grayson's  Sulphur  Springs,  Carroll 
Co.,  SO  milee  south  of  Wytheville. 


125 


Saline,  oaldo. 


56 


Chalybeate. 
...do 


876 


50  to  00 


...do 

Saline,  calcic 


120 
180 


«5 


Solphnreted . 


Saline,  snlphu- 
retea,  and  cha- 
lybeate. 

Alkaline,  calcic, 
and  chalybeate. 


16 


Sulphureted . 


Chalybeate  . 


800+ 
76+ 
60 


68  to  62 
62 

62  to  64 


Alkaline,    cha* 
lybeate. 
le,  calcic — 


Snlphnreted . . . 


.do. 
do. 


Snlphnreted... 


60  to  64 


Used    oommeroiaUy 
and  as  a  resort. 
Do. 

Looal  resort. 

Onoe  a  resort 

Used    commercially 

and  as  a  resort. 
Has  been  used   com* 

mercially  and  aa  a 

resort. 
Formerly   frequented 

by  private  parties. 
Used    commercially 

and  as  a  resort. 
Unimproved. 

Now  the  site  of  H61> 
line  Institute. 

Besort. 


Used    commercially 

and  as  a  resort. 
Besort. 


Do. 
Local  resort. 


Very  slightly  im- 
proved. 

Used  locally  for  medio- 
inal  purposes. 

Resort. 

Used  to  some  extent 
commercially  and  as 
a  resort. 

Resort. 


*110 


176 


56 

47  to  48 


Carbonated,  sa- 
line. 

Alkaline,  carbon< 

ated. 
Sulphureted 


Do. 
Do. 


Unimproved. 
Used  oommeroiaUy. 

Reaort. 
Do. 


•  Flow  of  four  aprings. 
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Mineral  springB  in  Virgima — Continued. 


Name  and  location. 


Haffaa's  Springs,  near  Clinch,  Scott 

Connty. 
Harrison's  Mineral  Spring,  Tazewell 

County, 
fiealing  Springs,  Healing  Springs, 

Bath  County. 
Hoistou  Springs,  2  miles  from  Big 

Moccanin  Gap.  Scott  County. 
Hot  Springs,  Hot  Sprines,  Bath  Co. 
Hn$;iienot   Springs,    Powhatan 

Coanty,  17  miles  from  itichmond. 
Iron  Hill  Springs,  near  Alleghany 

Station,  Alleghany  Coanty. 
Jordan  Alnm  Sprint^s.  near  Bock- 
bridge  Alum  Springs,  Book  bridge 
Comity. 
Jordan's  White  Sulphur  Springs,  1) 
miles    from     Stephenson    Depot. 
Frederick  Coanty. 
Kern's  S])ring8,  6  miles  northwest  of 

Woodstock.  Shenandoah  County. 
Kimbcrling  SpringH,  Bland  County, 

28  miloa  from  Wythevllle. 
Liberty  Springs,  2^  miles  northwest 
of  Bawloy  Springs,  Bockin&hamCo. 
Lithia  Spring  8  miles  southwest  of 
Abingdon,  Washington  Coanty. 

Lone  Fountain,  AugUFtta  Coanty 

Magnesia  Springs.  Ash  Grove,  near 
Great  Falls  of  Potomac,  Fairfax  Co. 
Maesauetta    Mineral   Springs    (for- 
merly Taylor's  Springs),  near  Har* 
risonbnrg,  Bockingham  County. 
McHenry's  Thermal Sprins:.  Scott  Co 
HillboTOUgh    Springs,    Millborough 

Springs,  Bath  Coanty. 
Mineral  gpringt: 

Bight    miles    from    WytheTille 
Springs  (Cove  Lithia  Springs), 
Wythe  County. 
Near  Mandota,  Washington 

County. 
Near  Beech  Spring,  Lee  County. . 
Poor  Valley,  9  miles  northwest  j 

of  Jonesviile,  Lee  County. 
Three  miles  north  of  JonesvlIIe, 

Leo  County. 
Near  Farmwell  Siation,  Loudoun 

Coanty. 
At    Giggett's,    near     Palmer's 
Springs,  Mecklenburg  Co. 
Montgomery  White  Sulphur  Springs, 
Montgomery  Springs,  Montgomery 
'    County. 

Mangers  Springs,  9  mUee  northwest 

of  Abingaon,  Washington  Coanty. 

Mustard's    Mineral    Springs,    near 

Witten'8  Mills,  Tazewell  Coanty. 
New  River  White  Sulphur  Springs 
(Eggleston   Springs),   near  Stay- 
tide,  Giles  Coanty. 
Orkney   Springs,  Orkney   Springs, 

Shenandoah  County. 
Palmer's  Springs,  Pcumer's  Springs, 

Mecklenburg  County. 
Powhatan  Lithia  and  Alum  Springs, 
near  Ballsville,  Powhatan  County. 
Preston's  Spring,  Montgomery  Co. .. 
Pulaski  AJum  Springs,  Dublin,  Pu- 
laski County. 
Rawley   Springs,  Kawley  Springs, 
Bockingham  County. 


I 


86  to  88 
eiito66i 
50  to  110 


2  80,000-f 


23 


75 


70 


150 


672+ 


178 


63ito68.2 


57 


Character  of  the 
water. 


Chalybeate  and 

salphureted. 
Chalybeate 


Alkaline,  caloio. 
Saline 


Saline,  caldo — 

Salphureted  and 

chalybeate. 


Chalybeate  - 


Salphureted  and 
ohalybeate. 

Chalybeate 


Bemarka. 


60  I  Chalybeate ]  trnimprov( 


Local  resort. 

TTsed  for  medivinal 

pnrpooea. 
Used  commercially  and 

as  a  resort. 


Besort. 
Do. 

Waa  once  a  reoori. 

Beaort. 

TTsed  oommeroiaUy  and 
as  a  resort. 

Used  locally  a«  aresori. 

Local  reaort. 

Beaort. 

Unimproved. 

Used  locally. 


Calcic,  alkaline  .!  Used  conimeroiaUy  and 
as  a  resort. 


f» 


48  to  60  I  Salphureted  and    Besort. 
I      chalybeate.      . 

! Do. 


Sulpburetedand    Unimproved, 
chalybeate.       I 


..do. 


;  Used  locally, 
i  Unimproved. 

Do. 

I  . 


Sulphnreted  —   Besort. 


85 


5a  6-59. 7 


64 


54 

58 


51,8-64.6 


(184) 


Sulphnreted  and 

chalybeate. 
Salphureted 

....do 


Do. 
Used    for    medlelnal 


Alkaline,  caloio. 


pui 
Besoi 


irpoees. 


Do. 
Used  locally. 


Chalybeate,  dec.  Used  commercially. 


Chalybeate  . 
...do 


Used    oommorolally 
'      and  as  a  resort. 

I       Do. 
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Miiiaral  9pfing$  in  Ftr^»^~ContiiiQ6d. 


Naome  «nd  looatton. 


I 


I 


Chamoterofthe 
water. 


KemarkB. 


Boanoke  Bed  SnJphiir  SpriDgs,  near 

Salem,  Boanoke  County. 
Bockbndee  Alnm    Springs.  Book* 

bridge  llnm  Springs,  Rockbridge 

Connty. 
Bock  bridge  Baths,  Bockbridge  Hatha, 

BockbridjEe  Coxuty. 
Sock  Enon  Springs  (Capper's),  Bock 

Bnon  Springs,  Fredenck  County. 

Rockingham  Virginia  Springs,  near 
McGabeyaville.  Bocltinghcun  Co. 

Seven  Springs,  near  Abingdon,  2 
miles  aom  Glade  Spring  Depot, 
Washington  Connty. 

Sharon  Springs,  Sharon  SpriJigs, 
Bland  County. 

Kbenandoah  Alum  Springs,  Shenan- 
doah Alnm  SpringM,  Shenandoah  Co. 

Silcott's  Springs,  Silcott  Springs, 
Londoun  Connty. 

Snake  Bun  Spring,  20  miles  south- 
west of  Covington,  Alleghany  Co. 

StafTord  Springs,  Stafford  Store,  Staf- 
ford County. 

Stribling  or  Augusta  Springs,  Strib- 
ling  Springs,  Angusta  Connty. 

Sndley  Sprmgs,  Sndley  Springs, 
Prince  William  Conntv. 

Sulphur  Spring.  Buasell  County,  24 
miles  northwest  of  iLbingdon. 

Sulphur  and  Chalybeate  Springs, 
near  Beech  Spring,  Lee  County. 

Sweet  (  hftlybeate  Springs  (Bed 
Sweet  Springs),  Sweet  Chalybeate, 
Alleghany  Connty. 

TaUv's  Springs,  2  miles  from  Palm- 
er^s  Springs,  Mecklenburg  Co. 

TaaeweU  Sulphur  Springs.  5  miles 
northwest  ox  Jeffersonville,  Taze- 
well County. 

Union  Springs,  8  miles  south  of  Baw- 
ley  Springs,  Bookingham  County. 

Yaliey  View  Springs,  near  New- 
market, Shenandoah  County. 

Variety  Springs,  near  Pona  Gap, 
Augusta  County. 

Wallawhatoola  Alum  Springs.  3i 
miles  fh>m  Millboro  Depot,  Bath 
County. 

Warm  Sulphur  Springs,  Warm 
Springs,  Bath  County. 

Washington  Springs,  near  Glade 
Spring.  Waahington  County 

Wayland  Spring,  near  Jennings'  Or- 
dinary, Nottoway  Connty. 

White  Sulphur  Spring,  Big  Stone 
Gap,  Wise  Countv. 

White  Sulphur  Springs,  Tazewell  Co 

Wilson's  Thermal  Spring 


1,278 


sstoeo 

50  to  56 

74 


Sulphureted 

andohalybeate. 

Chalybeate . . 


780 


40  to  58 


Alkaline 

Alkaline  and 
saline^  chalyb- 
eate and  sul- 
phureted. 

SaUne,  chalyb- 
eate. 

Chalybeate 


167 


56  to  70 


.do. 
.do. 
do. 
.do. 


6af 


Chalybeate. 


800+ 


75  to  79 


Calcic,  ehalyb- 


Snlphureted . 


160+ 

75+ 

860,000 


66 

96tolW 


Sulphureted, 

chalybeate. 
Chalybeate,  &o. 

Saline,   chalyb- 


Calcio 

Chalybeate . 
...do 


Wolf  Trap,  Llthia  Springs  (well). 

Wolf  Trap,  Halifax  Co. 
Wythevillo     Springs,     Wythevllle, 

Wythe  County. 
Yellow  Sulphur  Springs,  near  Chris- 

tiansburg,  Montgomery  County. 


150 


69 


66 


Alkaline,  calcic 
Chalybeate.... 


Calcic,    saline, 
sulphur. 


Beeort. 

Used  commercially 
and  aa  a  resort. 

Besort. 

Used   commercially 
and  aa  a  resort 


Do. 
Used  commercially. 

Besort 

Used  commer c  i  al  1  y 

and  as  a  resort 
Unimproved. 

Besort. 

Used  to  some  extent  t 
has  been  unimpro  vea 
for  a  long  time. 

Used  commercially 
and  as  a  resort. 

Once  a  resort 

Unimproved. 


Besort 


Has  a  local  reputa- 
tion. 

Was  a  resort  prior  to 
the  war. 


Besort 

Do. 

Used  commercially 
and  as  a  resort 

Besort 

Do. 

Local  resort. 

Used  to  a  limited  ex- 
tent as  a  resort 

Probably  same  aa  Dag- 
gers Spring. 
Used  commerciAlly. 

Besort. 

Do. 
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Constltaento. 

^^hany 
Spmgs. 

Bath  Alum  Springs. 

Clifton  Sppinwi. 

^^ 

%^ 

^^tJ! 

Care 
Springs. 

ISS^f 

fe« 

Caloiam  oarbonate 

OroUu 

OrtOnM 

Oralm 
pergalL* 

arain$ 
pergaU.^ 

Qratnt 
pergaa.- 

,  Org.per 
imp.gaU.* 

On.  per 
imp.9aa.* 

Cflloimn  bicftrbonftto  -  t  t  -  ^  ^  - 

0.69 

Hagne«iiim  carbonate 

0.M 

L96 

Tiltn^iiin  carbon Ato  ......... 

Trace 
0.06 
0.02 
0.00 

Strontinm  carbonate 

Sariam  carbonate 

Hanganese  carbonate 

MangaDe<M!>  hiojirbonfite 

0.64 

Iron'oarbo'hate 

0.16 

Iron  bicarbonate 

2.18 

Cobalt  carbonate 

Traoe 
Trace 
Traoe 
Trace 
1.72 
115.29 

Zinc  carbonate 

Copper  carbonate 

Lead  carbonate 

Bodiam  8n)bbate 

LIS 
L71 

Trace 
0.46 
0.84 

29.99 

Trace 
0.03 

26.78 

0.80 

0.82 

Traoe 

Caloiam  aalpbate 

8.80 

Lltbinm  sulphate 

AlagneBlum  sulphate 

Potaasium  sulphate 

A  inTninium  sulphate  -  -,  ^ . . , , 

60.88 
8.70 

2.82 

a26 

a  17 
0.02 

Ammoninm  snlnhato 

Man^anf^SA  sulpnate .,.,.... 

Iron 'persulphate 

M ainiMium  nitrate 

8.22 
0.86 

Ammonium  nitrate ^  - 

Calcium  phosphate  ....... 

Traoe 

Aluminium  pfiospbate 

Sodium  silicate 

0.03 

8.16 

2.02 

Aluminium  silicate 

0.21 

AmntonfiiTn  crenate  - . . . 

1.85 
0.17 

"'ilii' 

L77 

Bodium  ohlorido 

0.28 

Calcium  chloride 

0.06 

Oalcinrn  fluoride  ........... 

ao2 

Soda. 

0.'684 
0.826 
a  153 
L226 
Trace 

4.1« 

Magnesia 

L28 

3.  SI'S 

Potash 

aus 

Lime 

si.no 

Lithia 

Tnoe 

Antimoninm  toroxide 

Traoe 

Iron  oxide  -  r 

14.62 

21.77 

L109 
Trace 

0.076 
0.728 

Tnte 

Maveranese  vrotexide ^ . 

Alumina 

10.29 

12.29 

Silica 

a88 

L96 

0.45 

1.177 

Chlorine 

0.052             ^765 

Phosphoric  acid 

Tract? 

Sulphuric  add 

5.81 
4.14 

2.88 

7.88 
8.85 

0.721 
2.000 

2.236 

Carbonic  acid 

22.373 

Crenicacid 

Trace 
Traoe 

Apocrcnlc  acid 

2.54 

Organic  acid 

•0.422 

Organic  matter 

2.00 

Ti«e 

Oxvtren  added  te  nodinm 

0.02 

Totol 

183.06 

45.44 

65.88 

54.79 

6.81 

Oatet. 
Carbonic  acid 

4.66 
Trace 

4.652 

6.013 

(hi.  in. 

6.018 

Sulphureted  hydrogen 

Oxygen 

\ 

L847 
8.955 

10.21» 

Nitrogen 

>  F.  A.  Genth,  analyst. 

^  Hayes,  analyst. 

•  W.  H.  Taylor,  analyst 


'J.  L.  CampbeU,  analyst  (1877). 
•With  ammonia. 
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CODBtitlMIlU. 

BedfoidAlnmand 

Blae 

Eidge 

Spd^. 

BaHUo  Lithia  Springs. 

Cold 
Snlphnr 
Springs. 

Iron  Springs. 

!K!"i? 

t^"2?  i    »* 

Caknim  blcuiMniAt^  - 

Qtmm 
pergaXL'^ 

Oraina 
pergaUy 

Chrains 

GravMpr. 

Cfraitigpr.  Chraintpr, 

imp.gaU*  imp.gaU* 

14.96    j        aL52 

Gfratn* 

w^giM^ytn  oarboiiftto 

1.78 

Vamminm  bicarhonftto ..-- 

8.01 

Potaminm  earbnnftto 

29.30 
2.26 
1.75 

.1.88 


Tiithimn  hinftrbonatA  ....... 

L48 

It^iiin  bt<»rbo]iat6  ........ 

Iron  carbonate  wt.--^ 

0.02 

Inm bicarbonate  .^^..^,-^^. 

6.41 
0.97 

ioa22 

X).60 

0.80 

8.77 

Sodiom  sqlpbate 

a  87 
4.99 
0.24 

12.68 
0.71 

34.18 
0.]0 
0.69 

ia26 
0.04 
0.06 
0.06 
a  07 

a27 

0.24 
0.30 

2.46 

Oslcinm  hu  mhate  -  - .  ^  -  - 

ia87 

10.26 

88.07 

2.85 

2.91 

Mafpietiom  aolpbate 

PotaMinm  anlptaate 

AJmninhim  aulphate 

Uanganeee  aalpliato 

Iron  protoaulpiiata 

12L66 

10.16 

•     7.24 

47.66 
0.40 

1.53 
0.46 

ai8 

0.80 

0.16 

0.29 

9.07 

3.04 

0.25 



28.46 

Kiekd  BolDbate   

' 

Coboll  sulphate 

Copper  sTuphate. .  .......... 

Zmeniiphate 

Mi^^rammxn  nHmtft  . 

1 

Ammoniiim  nitrate 

Pbosphalea 

Trace 

Sodiom  silicate 

1.48 

Sodinm  chloride 

0.23 

a26 

1.26 

4.92 

0.22 

Ctlrfnin  chloride  

0.12 

Caldom  flaoride 

Trace 

Lithia 

Trace 

Almnina          

0.14 
1.26 

Silica 

1.69 

1.72 
Traoe 
Trace 

1.87 
Traoe 
Trace 

0.57 

Iodine 

Trace 

Salphorioacid 

4.02 
0.29 

10.98 

0<t«tie  matti^r 

Trace 

Traoe 

Traoe 

0.32 

Total 

70.88 

92.17 

ISO.  66 

73.66 

98.88 

14.47 

11.47 

Carbonieaeid 

Oubiein. 
69.1 
6.9 

Oubiein. 
69.2 
&8 

(Mncin. 
1L6 
3.4 

Salpboieted  hvdioffen 

Oxvgen 

L82 
3.88 
&08 

liitroeen 

Carbon  dioxide 

..  ,.        1 

1 

>M.  B.  Hftidin.  analyst  0877). 
>  William  GHham,  analyst 


•F.  A.  Oenth,  analyst 

'W.  P.  Tonry,  analyst  (1874). 
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AntUyses  of  mineral  springs  in  Virginia — Continued. 


Constitaents. 

Chnrch 

HiUAlum 

Springs. 

Farmville 
Lithia 

Fauquier 
White 
Snlphnr 
Spring. 

IHckson's 
Snlphnr 
Spring. 

McHenry'a 
Thermal 
Spring. 

WUson'a 
Thennal 
Spring. 

Cfrains 

Qraina 
pergaUon,^ 

Qraint 
per  gallon.* 

Grains  in 
200  Mi.  in.' 
2.20 
2.48 

Grainsin 

100«U.ilB.« 

Grainsw 
100ou.tiu* 

0.84 

5.00 

1.83 

7.88 

1.60 

L54 

0.S8 

4.49 
1.00 
Trace 
1.26 
8.90 
1.81 

2.47 

1.94 
88.83 
60.07 

2.44 
72.93 

0.64 

a.'77    1             3.53 

8.39 

7.83                 ac9 

Magnesium  sulphate 

PotflMinm  snlpnate 

Ammoninm  sulphate 

0.25 

L?0 

0.18 

«L68 

«2.14 

Iran  blflnlnhatft 

83.85 
24.18 
61.26 
4.62 

Sodium  chloride 

S.80 

8.75 

0.05 

i        0.08(1        ""^* 

nalninm  rhloride 

' 

Trace 

' 

Calcium     and    magnesitun 
phosphate. 

0.04 

1 

0.03 

Tr«s6 

Trsee 

2.62 

8.92 

Trace 

Silica 

10.43 

0.90 

(<) 

Iodine 

Trace 

Trace 
irace 

Little 

Little 

C) 

6.io 



Loss 

0.19 



Total 

426.00 

26.30 

22.00    1           7.47 

20.41 

2&85 

Oarhonic  nnid 

Oubiein. 
74.2 

OuWcin. 
11.00 
Little 

Dndeterm'd 

Fndetenn'd 

Sulphnreted  hydrogen 

Edmond- 

son's 

Spring. 

Holston 

Mineral  Springs  near 
FarmweU  Stotion. 

Healing  Springs. 

Constituents. 

Springs. 

No.  1. 

Ko.  8. 

Old 
Spring. 

Kew 
Spring. 

Chrains  in 
2OO0u.in.' 
1.82 
2.77 

Grains 
pergaUom.^ 

Grams 
per  lUer.^ 

Grams 
perlUer.i 

Grains 
pergatUmJ 

Graint 
pergaUsnJ 

Calcium  carbonate 

6.40 

0. 1319 
0.1100 

0.1107 
0.1488 

17.90 

ia72 

Magneslnm  carbonate 

Iron  carbonate 

(») 

1.25 

ao7 

1.96 

0.2S 

Trace 

Trace 
20.48 
42.72 

0.2355 
1.6052 
0.0760 

0.2543 
L0363 
0.0976 

Calcium  sulphate 

1.82 
7.25 
2.21 

t» 

Magneflinm  nnlphate 

7.39 

Potassium  sulpliate 

2.58 

Trace 

Ammonium  snlphate 

0.23 

&23 

Iron  sulphate 

0. 18                  0. 10 

Trace 
kl.62 

Sodium-chloride II... 

0.12 

0.0104 
0.0067 

0.0244 
0.0057 

0.27 
a24 

2.89 

Potassium  chloride 

a25 

(«) 

Alumina  ... 

0.0070 
0. 0210 

0.0105 
0.0110 

Silica 

(«) 

1.80 
Trace 
Trace 

2.20 

-  aso 

1.83 

Bromine 

Tnce 

Iodine ^  

Traee 

Carbonic  acid 

2.29 

Organic  acid 

ai« 

Orminic  matter 

(•) 

XiOBS 

0.0040 

Sulphnreted  hydrogen  

Trace 

Tt«« 

Total 

7.88 

41.12 

2.1007 

2.2942 

34.87    1            4ft« 

'J.  C.  Booth,  analyst. 
*E.  T.  Fristoe,  analyst  (1879). 
•  Thomas  Antisell,  analyst  (1878). 
«W.  B.  Rogers,  analyst. 


•With  sodium  sulphate. 
'With  iron  phosphate. 
B<)nantlties  not  given. 
^  Hayden,  analyst. 


iR.  B.  Riggis,  analyst  (1886). 
i  W.  Ifi.  Aikeo,  analyst  (1868). 
k  With  ammoninm  chloride. 
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Constitiimito. 


Calcium  earbonftte  — 
Magneaiam  carbonate. 

Sodinm  snlptaate 

Calcium  sulphate 

Potassium  nnlphate  ... 
Potaaaiiim  chloride . . . . 

Alumina 

SlUoa 

Bromine 

Total 


Hot  Springs. 


Boiler  Bath 
(Old  Ladies* 
Boiler  Bath). 


Oram 
per  Hter.* 
0.2855 
0.1249 
0.0370 
0.1407 
'  0. 0188 
0. 0106 
0.0020 
0.0275 
Trace 
0.0050 


Hot  Spout 
Bath. 


0.6075 


perUter,* 
0.2990 
0.1201 
0.0281 
a  1424 
0.0187 
0.0092 
0.0025 
0.0235 
Trace 
0.0090 


0.5025 


Octagon  Bath. 


Oram 
per  Uter.* 
0.2840 
0. 1218 
0.0296 
0.1504 
0.0185 
a  0086 
0.0035 
0.0255 


0.0021 


0.5040 


New  Hot 
Spring. 


•  War.* 

0.2272 
0.1228 
0.0278 
0.1401 
0. 0212 
0.0061 
0.0060 
0.0285 


Sulphur  Bath 

or  Ladies*  Sul 

phor  Bath. 


Oram 
per  UUr.* 

0.2355 
0.1155 
0.0420 
0.1278 
0.0158 
0.0068 
0.0065 
U.0230 


O.fl 


0.5747 


0.6775 


Hot  Springs. 


ConstltiMinta. 


Spring. 


BoUer 


Boiler 


or  Ladies' 
hth. 


Ladles'  Snl- 
phnrBath. 


Gentlemen's 

Pleasure  Bath 

or  Magnesia 

Sprmg. 


AMCdc 

Cslolnm  csirbonate 

Magnesium  carbonate. . 

Iron  carbonate 

Sodiom  sulphate ^ . 

Calcium  solphate 

Magnesium  sulphate . . . 
Potassium  sulpnate  . . . . 

Sodinm  chlonde 

Potassium  chloride 

Silica 

Low 


perKtor.« 
0.1845 
0.0781 


Ontku 
pergoXUm.^ 
17.40 


0.0201 
0.0744 


0.0109 


8.64 
5.48 
2.05 


0.0042 
0.0120 
0.0088 


L83 

'6.  is" 


Total. 


a8825 


OOMt, 


Carbonic  acid 

Sulphureted  hydrogen. 

Oxygen 

liitrogen 


30.08 


OubUifuhM 
inlOO0ff.<n. 
n.007 
Trace 
0.220 
L790 


QraimM 
pergatton.* 
17.84 
2.68 
0.11 
L02 
1.74 
5.66 
1.86 
a  12 
L60 
1.74 


€trafni 
2.80 

ao6 

LOl 

5.10 
L82 
0.14 
0.17 
L87 


2.02 
0.08 
0.86 
8.02 
LOO 
0.57 
0.18 
0.16 
0.60 


88.86 


8L01 


l&OO 


•7.  W.  Clarke,  analytt  0884). 


k  W.  B.  BogBBB,  analyst. 

(189) 


•William  Oilham,  analyst  (1866). 
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[BULL.  32. 


Jordan  Alum  Spriiigs. 

Chalybeate 
Spring. 

Alum 
Spring. 

^^^i 

W 

^^ 

m 

iK^ 

SoUdt, 

Hanganese  carbonate 

Iron  oarboDate 

€hrttin» 

^^O/M 
0.04 
0.70 
0.14 
8.71 

Cfrmnt 
pergaU> 

Oralm 
pergaU.- 

Oraint 
per  gaXL* 

Oraint 
pergaU.'^ 

Oraine 
pergaU.- 

Oraine 
pervUL- 

..........I 

Sodium  unlphate 

0l17 
4.44 

0.25 
0.82 
Trace 
a  15 
0.82 
11.20 
0.12 
1.43 
0.80 

0.19 
0.29 
Trace 
2.65 
a25 
6.88 
0.80 
1.84 
0.23 

0.23 
3.81 
0.02 
0.22 
0.27 
81.05 
1.02 

0.32 
8.01 
0.01 
5.87 
0.30 
26l11 
0.57 

0.24 

Calciam  Balphate 

1.64 

Lithium  salphate 

0.01 

Potaasinm  sulpbate 

Aluminiam  Biupbate ....... 

©."is" 

5.18 

1.81 

25.88 

a  21 
a33 

27. 8S 

lif  AnflrAneiw  anlnbate   ...... 

ass 

Iron  salpbate    

18.54 

Iron  protosolphate 

0.52 
6ul7 
0.46 
0.82 
6.08 
0.61 
0.06 
0.01 

0.22 
2.48 
0.26 
0.31 
2.33 
0.22 
Trace 
0.01 

0.32 

2.87 

Nickel  sulphate 

6.io 

0.08 

0.12 

0.07 

Trace 

Trace 

0.i8 
0.09 
0.11 
0.08 
Trace 
Trace 

0.41 

Cobalt  salphate 

0.31 

Conner  safnhate 

a  10 

Zinc  sulphate 

a28 

CA^nilntn  sniphate  -  -  t .  r  - 

a  01 

Calcium  nbosnhate  .....  . . 

0.02 

Trac4) 

Iron  phosphate 

0.25 
2.51 
a58 
0.68 
0.78 

finilinm  alllcate        ..    ..    .. 

Airnnoniom  ermate  

Iron  orenate 

Sodium  chloride 

0.U 

a  01 
Trace 

0.01 
Trace 

0.08 
Trace 

0.06 
Traoe 

ao4 

Calcium  fluoride 

Trace 

Sn^i^ni  lo^M^       

0.01 
0.06 
0.72 

0.70 

Alumina ••.... 

1 

Silica 

2.00 

2.07 

Trace 

2.80 

2.14 

Trace 

iw*^ 

4.84 
Trace 

3.30 

7.90 

TAce 

3.42 

Sulphuric  acid 

V     28.64 
0.58 

&32 

Organic  matter 

0.00 

Trace 

Total 

6.46 

84.64 

21.54 

17.94 

116.27 

52.73 

55^09 

0<ue». 

Oubiein. 
5.60 
1.60 
&56 

Oubiein, 
6.16 

Oubiein. 
11.22 
L88 
8.76 

OuWetn. 
1L88 
1.27 
8.62 

Onbicin. 

10.38 

1.11 

8.10 

Ovbiein. 
9.01 
1.35 
8.83 

OicMe  in. 
11.06 

Oxygen ,. 

1.62 

4.04 

•  J.  W.  Mallet  (1878). 


k  William  S.  A.  Aiken  (1878). 
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Analy9eB  of  mineral  wprings  in  Vir^nia — Continaed. 


Constitnenta. 

Jordan's 

White  Solphnr 

Springs. 

red  snlphor 
Spring. 

Massanetta 
Mineral 
Springs. 

PnLMkiAlam 
Springs. 

Rawley 

Springs,  main 

foontain. 

Sodiom  oarbonato  ■  •  - 

QraUm 
pergoUon,* 

p§rgaUon,^ 
«.21 
0.72 
1.02 
0.76 

14.78 
6.06 

pergaUon* 

imp.  gallon.' 

Calcimn  carbonate 

Mafmeainm  carbonate. . . . 
PotAAainm  carbonate  .... 

2.88 
0.71 
0.01 
Trace 
&18 

Manganese  carbonate  .... 
Iron  carbonate 

0.06 
0.38 
0.42 

Calcium  anlphate 

MagDesium  Bnlpbato 

2.82 

L68 

1.87 

<0.83 

2L50 

ioa76 

a84 

as6 

Potauium  snlpoate 

Alominlani  Biilpbatft 

2.00 

0.11 

Iron  finlphate  ' 

^^Inble ffilicatm  .  ...   ... 

Sodinm  chloride 

0.76 

0.43 

Potaaaium  chloride 

0.16 

^aoi 

AiDinoniam  ohlofide ..... 

Soda 

0.81 

■'k'a^n^iria 

0.89 

Potash 

ao7 

Lime 

0.85 

Lithia 

Traoa 

Trace 

Ammonia 

Trace 

Iron 

Traoa 

Iron  pesoxide 

L32 

0.01 

Aranniontt  Oxldo 

Trace 
0.16 
0.18 

A  tiimina  ....r 

0.01 
a26 

0.05 

SiUca 

0.07 

0.82 

Ohl9rin« ..... 

0.03 

Phosphoric  acid 

Trace 

Solpharic  add 

0.17 

L94 

0.52 

Carbonic  add  (combined) 
Organic  matter 

OlTO 

L56 

2.16 

a48 

0.85 

Total 

2L68 

1A.04 

26.76 

187.98 

6.76 

QOMM. 

2L64 

&44 

7.24 

Oxygen  

2L07 

NiuSgon 

4.18 

Carbureted  hydrogen   . . . 

2L2S 

•  Thos.  Antisell,  analyst  (ISH). 
k  B.  K.  Tattle,  analyst 

•  J.  W.MaUet^  analyst 


(191) 


<  J.  L  CampbeU,  analyst  (1870). 
•  J.  W.  MaDet^  analyst  (1878). 
'With  soda. 
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Analyae9  of  mineral  springa  in  Virginia— Coutinned. 


Orkney  Springs. 

Bockbridge  Alum  Springs. 

Constitaeiits. 

Healing 
Spring. 

Powder 
Sprijig. 

Bear  Wal. 
low  Spring. 

Chalybeate 
Spring. 

Spring  No.  1. 

^Vu9f xim  cwrVvnii-te 

9.93 

1.36 

Trace 

Trace 

0.M 

OroAnaper 

4.59 
8.54 
Trace 
0.02 
a26 

Oraintper 
imp,  gaU,* 

Chraifu 
P0r  galL*^ 

Oraint 
pergalL* 

Grains 
pergalL* 

Oaldnm  carbonate 

._  .  ._    .      1 1 

Magneaium  carbonate 

6.89 

Trace 

0.05 

0.85 

i 

1 

Manganese  carbonate 

Iron  carbonate. .-.- 

! 

Sodium  snlphate...... ...... 

o.oe 

CalcitiTn  Huiphate ■,.,,.. 

1.88 

0.U 

0.86 
0.07 
2.94 
a25 

4.46 

1.44 

1.73 

T/itbinni  snlphate  -  ^ . . ,  ^ . . .  r 

O.QS 

'M'aimnAinTn  fHilnhflitA 

............ 

L08 

0  89 

Potaaaiam  sniDnate 

0.28 

0.19 
Trace 
Trace 

0.02 

0.16 

0.17 

Strontinm  tmlphate ......... 

"RiuHnm  anlnhAiA              

Aluminium  sulphate 

Manganese  sulphate  /....... 

aoa 

0.06 
0.02 
&45 

8L2S 

0.86 

Iron  anlnhate.  ........  ..^. 

Iron neraulnhate -.i - 

1.02 

Nickel  sulphate 

0.06 

Cobalt  anlnhate 

0.08 

Trace 

Trace 



Zinc  sulphate 

0.12 

Load  fiuinhate    .r...   ...... 

Trace 

Trace 

Ammonium  nitrate 

Trace 

Calcium  phosphate 

0.01 

Trace 

6.oi 

0.02 

0.02 

Sodium  nlicate 

2.65 
1.40 

Ammonium  crenate. 

Sodium  sulphide 

0.68 
0.48 

•^•^ 
Traoa 

Sodium  chloride 

0.15 
0.04 

0.11 

ao8 
Trace 

0.14 

a42 

OlQB 

Potassium  chloride ...  r .... . 

Ammoninm  chloride , . . .  -  ^  x . 



Calcium  fluoride  ••• 

Trace 

Traoe 

podium  iodide  .....' 

Trace 

Tiaoe 

Copper  

» 

Trace 

0.04 

Iron  nrotoxide . . . . . . ........ 

8.68 

Iron 





Arsenic - 

Trace 

Trace 

Trace 

ao6 

0.87 
Trace* 

Traoe 

Aluminia 

14.76 

Silica 

LOO 

Le6 

L85 

8.54 

Nitric  acid 

Sulphuric  acid 

0i48 

1&79 
2.62 

8.34 

Caroonic  acid 

Carbonic  anhydride 

0.89 

S.60 
Trace 

Organic  matter  .x,., 

ao7 

0.U 

Trao0 

Total 

20.10 

20.88 

12.20 

7.61 

46.74 

43.09 

Oa»€s. 
Sniph  oreted  hydrogen 

Oub.inehBt. 

Oub,inehM. 
5.91 

Oub.inehsi, 

Chtb.inchet, 

Oub.inehsi, 

Ottb.inchsM, 

Oxygen 

1.84 
8.05 
4.04 

0.46 
1.62 
6.78 

1.53 

Nitrogen 

2.85 
&82 

4.19 

Carbon  dioxide 

12.87 

*  J.  W.  Manet,  analyst  (1875). 
kJ.W.Mallet,  analyst 
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•  A.  A.  Hayes,  analyst. 
«M.B.  Hardin,  analyst  (1878). 
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Analyaea  of  mineral  springe  in  Virginia — Continned. 


CoosUtaents. 


Sodium  anlphate 

Calciam  auiphate 

liithinm  sulphate 

Hagueainm  aalphate  . 
Potassium  sulphate. .. 
Aluminium  sulphat«.. 
Man^aoese  sulphate  . 
Iron  protosulpbate . .  . 

Iron  persulphate 

Nickel  sulpnate 

Cobalt  Rulphato 

Copfier  sulphate 

Zinc  sulphat« 

Lead  sulphate 

Ammonium  nitrate . .. 
Calcium  phosphatd  . . . 
Ammonium  crenate.  . 

Sodirra  chloride 

Caloi  um  fl uoride 

Antimony 

Copper    

Iron  oxide 

Araenio 

Alumina 

Silica.. ..X 

Sulphuric  acid . 

Caroonic  arid 

Organic  matter 


Kookbridge  Alum  Springs. 


Spring  Xo.  2. 


Oraint 
pergaUon.'^ 


3.26 


1.76 
1.76 


Chraing 
per  gaUon.* 
0  03 
8.23 
0.02 
5.61 
0  41 
42.61 
0.09 


Spring  No. 


Oraint 
per  gaWm.^ 
0.02 
2.64 
0.02 
6.37 
0.38 

0.63" 


Spring  No.  4. 


Oraint 
pergaUon.* 

3.26*' 

4.42" 


1.95 
0.14 
0.02 


lv76 
0.24 
0.08 


0.70 
1.01 


0.89 
Trace 
Trace 

0.17 


Total  . 


Qatet. 


Oxygen 

Nitrogen 
Carbon  dioxide  . 


4.86 

i7.9i"' 
2.84 

15.22 
7.86 


0.11 
Trace 
Trace 

0.04 


0.21 
Trace 
Trace 

0.20 


r  Oraint 
ipergdtUm.^ 
0.U3 
2.32 
0.03 
7.86 
0.18 
72. 37 
1.87 


.1. 


2.90 
0.23 
0.08 


0.11 
Tr«ice 
Trace 

0.09 


1.22 
0.44 


0.22 
Trace 
Trace 

0.06 


Oraint 
per  gaiUm.* 
0.01 
0.b5 
0.02 
1.50 

o.oe 

19.00 
0.52 
0.88 

Trace 
0.06 
0.04 

Tra<e 

0.  c:» 

Trace 
Tnue 


56.68 


Oub.  ijieket. 


Trace 


3.70 
3.83 


Trace 


62.85 


Oub.inehet. 
1  49 
8.98 
10.89 


Trace 

43.95 

8.18 

2.04 


4.69 


Trace 


24.09 
1.71 
6.51 
4.20 
1.02 


61.77    I  50.56 


Oub.im^iet. 
1.66 
4.10 
11.95 


Oub.inehet. 


0.14 
Trace 
-Traoe 

0.10 

Trace 


4.38 
3.07 


Traoe 


94.fi 


Oub.  inehet. 
4.12 
1.61 
12.72 


0.1^ 
Trace 


1.93 
2.54 


Traoe 


27.09 


Oub,  inehet. 


Bookbridge  Alum  Springs. 

OoDstitnents. 

Spring  No.  6. 

Spring  No.  6. 

Spring  No.  7. 

Spring  No.  a 

Spring  No.  9. 

Solidt. 

Sodium  sulphate 

Calcium  sulphate 

Oraint               Oraint 

0.24                    0.18 
0.32    1                 0.29 

Trace    !                0.01 
3.15                     2.65 
0.32    1                 0.25 
11.20    '                 6.88 
0.13    !                 0.31 
0. 29                     0. 23 
1.43                     1.84 
0.10    1                 0.12 
0.08                      0.09 
0.12    1                 0.11 
0.07    ;                 0.03 

Trace                Trace 

Trnoe                Trace 
0.01                    0.01 

Trace                 Trace 

Oraint 
per  gaUon.* 
0.23 
3.31 
0.02 
9.22 
0.27 
81.05 
1.03 
0.52 
6.17 
0.46 
0.81 
6.08 
0.61 
0.03 
0.01 
0.08 
Trace 

Oraint 
per  gallon.* 
U.32 
8.02 
0.01 
5.36 
0.30 
26.11 
0.57 
0.23 
2.43 
0.26 

Oraint 
pergaUonJ 
0.24 
1.84 

Lithium  sulphate 

ILignesium  sulphate  . 

Potassium  sulphato   

Aluminium  sulphate 

Man<:anese  snlptiate 

Iron  pn>to.<*ulpbate   

Iron  persulphate 

Nicjiel  sulphate 

0.01 
8.21 
0  33 
27.85 
058 
0.32 
2.87 

A  41 

Cobalt  sulphato 

0.31                         0.31 

CoDt>er  Huloliate  ......... 

2.  33                         3.  10 

Zinc  sulphate 

0. 21                         0. 28 

C  id mium  sulphate 

Calrium  phosphate 

Sodium  chloride ... 

C.ilcium  fluoride 

Trace                   Trace 
0. 01                        0. 01 
0. 1)6                        0. 04 

Silica             

2.00    '                 2.80 

2. 07                     2. 14 

Trace                Trace 

3.03    '                 3.30    1                    3.42 

Solpbnricacid 

Orj^nic  matter 

4. 84                     7. 90 
Trace    ,             Trace 

5.32 
Trace 

Total  

Oatet. 
Oxygen  

21.53                   17.94 

116.27    1               52.73 

55.09 

Oubie  inehet.     Oubic  inehet. 
1. 33                     1. 27 
8. 76                     8. 62 

1.11 
3.10 

Oubie  inehet. 

1.35 

8.33 

9.91 

Traoe 

Oubie  inehet. 
1.62 
4.04 

Carbon  dioxide 

11.22    !                11.30    1                10.38 

11.08 

Marsh  gas 

1 

1 

*  A.  A.  Hayes,  analyst 

k  M.  B.  Hardin,  analyst  (1873). 

«  A.  A.  Hayes,  analyst  (1832) . 

Bull.  32 5 
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0  M.  B.  Hardin,  analyst  (1872). 

•J.  W.  Mtillet,  analyst. 
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AnalyBes  of  mineral  $pringe  in  Virffinia — Continued. 


fur  LI.  32. 


Stribling  or  Angnsta  Springs. 


Constitoeots. 

No.  2  Sul. 
phur  Spring. 

No.  I  Chalyb- 
eate Spring. 

Sulphur 
Spring. 

Alum  Spring. 

Sodium  CArbonato 

Graint 
per  gallon.* 
6.24 
9.68 
2.01 
0.74 
0.13 

Grain* 
ptr  gallon.* 
0.76 
1.60 
0.98 
0.86 
0.07 

Oraine 
per  gttUon,^ 
1.20 
5.52 
3.87 

Cfratnt 
pergaaon.* 

Caloinm  carbouate 

1 

Magnesium  carbonate 

( 

PotaBsiura  carbonate 

Iron  carbonate  - 

Sodium  Hulpliate 

0.81 

Calcium  mifpbate 

MagueHium  sulphate 

i.25 

0.22 

6.88 

3.37 

Potaasium  nulpuate .-1 

0.44 

1.32 

Alnmininm  biaulDhate ' 

16.68 

Iron  Aulp hate  1 

12. 13 

Calcium  phosphate ,.- 

Trace 
0.25 

Sod  urn  silicate 

, 

AmmoniuTn crenate ., 

0.63 

Sodium  chloride 

0.04 
0.64 

0.61 

1                   0.64 

Silica        

1.83 

1.56 

Bulpharic  acid , 

9.09 

Carnonlc  acid 

8.90 
1.23 

3.57 

Organic  matter 

ToUl 

21.28 

6.21 

17.88 

55.86 

Qaut. 
Carbonic  add 

10.40 
0.24 

24.00 

Sniphnreted  hydrogen 

0.91 

Stribling  or  Angnsta  Springs. 


Constitaents. 


No.8GhA]yb- 
eate  Spring. 


No.  4  Alum 

Spring.      I 


No.  5  Alum  I 
Spiing.      I 


No.  6  Alum 
Spring. 


Sodium  carbonate 

Calcium  carbonate 

Magnesium  carbonate  . 
Potassium  carbonate.   . 

Irou  carbonate 

Sorlium  sulphate 

Calcium  sulphate 

Magnc^inm  sulphate. . . 
Potassium  sulphate — 
Aluminium  sulphat«. . . 

Iron  sulphate 

Stlioa 

Sulphuric  acid 

Organic  matter 


Orain» 
per  gallon.* 
0.99 
0.83 
1.10 
0.76 
0.11 


3.00 


Oraine 
per  gallon.* 


Oraine 
per  gallon.* 


Oraine 
per  gallon.* 


0.91 


Total  . 


Q€t», 


Carbonic  acid. 


0.66 
14.05 
0.58 
0.54 
16.60 
9.54 
1.95 
5.05 
8.75 


7.79 


Ouhio 


16.00 


53.86 


2.85    I 
16.05 

0.34 

0.90 
17.95 
13.14 

2.11 

9.82 


68.56 


1.79 
19.11 
6.57 
1.01 
8&41 
12.03 
2.11 
6.54 


8&46 


*  D.  K.  Tnttle,  analyst  (1860). 
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Constituents. 

Kock 

Enon 

1  Springs. 

Soanoke 

Ked 
Sulphur 
Springs. 

OraxM 
pergaU.^ 

""h.5a' 

5.64 
0.02 
0.02 
0.08 
Trace 
3.04 
2.10 

Seven 
Springs, 
Abing- 
don. 

Parltin 

100.« 

Shenan- 
doah 
i    Alum 
Springs. 

'    Graint 

per  imp. 

gall/ 

'  Sweet  Chal>beate 
1           Springs; 
J        Re4l  Spring. 

1 

Variety 

Springs : 

Alum 

Spring. 

^<^Tifin  earhonatif .          . . .  t 

1 

■    OrainM 

5,13 

! 

Grains       Graiiu 
per  gall.*  per  gaUJ 

'"  2.70  ""  "16.00' 
...  .              12.00 

QrninB 
pergaU.^ 


( 'alci^in  fi^i  b*»nat9  -   -  -  . . 

.:...: 

Mttsnesiom  carl>onate  .   ... 
I.ithipm  carbonate  . . . . .  r  - , .  - 

Manganese  carlxinate 

lion  iarLooate 



8.00     

Copper  carbonate • 

'*"0.'23* 
17.54 
0.02 
16.00 
0.06 
Trace 



ScMUum  salpbate 

3. 23       

Catciom  suipbate 

3.56 

32.88     

"""7.18 4"00' 

13.33 

Liiluam  sulphate   „ 

UafEnejtium  sulphate 

Potassium  snlpnate 

Strontiam  sulphate 

Baiinm  salpbate    

12.80 

0.33 

1.71 

Trace 

11.64 

0.29 

Alamininm  snlphste, ... 

15.22 
0.02 
0.26 
0.41 
4.63 
0.16 
0.01 
0.01 
0.30 

34.4^1 

A  BimoDinm  snlphat^  r -.  - 

1 



1 

Msnnneae  sulnbate 

Iron  protoanlpnate 

5. 11 

Iron  pemnlpbate 

1 

. 

Nickel  sulnhate 

Colialt  sulphate  

Copper  Ralphate  - 

Z\ne  sulphate 

Lead  sulphate          

Trace 
0.08    , 
0.05 
0.03    ' 
0  24 

.Sodium  h vpoenlphite 

Calcinoi  phcwphate  .......... 

Trace 
0.83 

ividlnm  cnlorkle 

0.00            2.00 
1. 57       . 

0.2» 

Calcinm  chloride     

1.12 

1 '....   .__. 

0.02     

Ammoninro  chloride     .  .  .• 



0.02 

Caleiom  fluoride    

Trace 

Iron  (combined)       

4.00      

Irnn  oxide  or  protoxide 

IroD  seMinioxide    .  ....  .... 

14.25 

5.22 

0.73                        

Manganese  protoxide 

ArMoic 

1.05 

: 

Trace 
O.Ol 
0.84 

■  0.'76" 





1.50 

'     0.12" 
42.04 

"12.39 
"50.54 

Alnmina 

0.80 
0.42 

J»il;ca    

4,00 

1.13 

^alpbunc  acid 

1.3T 

Or^aniG  matter    

Water 

1 

Total 


Carbonic  acid 
Salpbnreteil  hydrogen 
Oxygen  . 
Aitrogm 

■Gale  and  Mew,  analysts. 
OH.  B.  Hardin,  analyst  (1875). 
•J.  W.  Mallet,  analyst  (1875). 
'J.  W.  Mallet,  analyst  (1878). 


•  W.  B.  Bogers,  anslyst. 

'Rowelle,  anslvst. 

(William  Gilh'am,  analyst (18SB). 
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(bull.  S8. 


Constituents. 


Wallawhatoola 
Alunj  Springs. 


Warm  Sulphur 
Spriof^s. 


Trap     IsntS?^,.   V»ylM* 


^Sodiuui  carbonate  

Grains 
pergaiL* 

Grains 
pergaUy 

Grains 
psrgaU.' 

Groins 
pergaU.* 

"  5.22' 

GrainM 
7.41 

Grains 
psrgaUJ 

Grains 
psrgaU.* 

Calcium  carbonate 

OalcJum  bicarbonate 

3."6i 

.Alsj^esium  carbonate 

1 

6.09 

1.38 



Matrnosiiim  bicaibonate 

1 

1.05 

Lfithiam  carbonate 

0.02 
0.89 
Trace  , 
Trace 
0.01 
0.06 

Strontium  carbonate 

A mmoniuni  carlM»nate , , 

1 

Sarium  carbonate 

Manganese  carbonate 

Iron  carbonate   

..  :...! 

0.62 

0.91 

2  in  c  carbonate 

Trace 
Trace 

Copper  CMi  bonate 

CMfcium  eulphate 

Aluminium  sulphate 

Mat>nisiTim  sulphate   

Lithium  snlphate 

Magaitese  sulphat«) 

Potassium  Hulpbate 

Potassium    and    aluminium 

13.27 
72.10 
2.31 

'■  2.09' 
2.12 

7.538 
;37.  889 
15.  434 
0.128 
1.245 

'"'4.' 201 

3.8«7 

6.47 

14.53 

68.80 

8.18 

21.10 

9.96 



1.88 

a06 

0.10 

sulphate. 
Sodium  and  alurainiiim  sul- 

phate. 
Sodium  snlphate       

0.06 

0.76 

Ammonium  sulphate 

a86 

Iron  protosolphate 

6.89 

0.489 
23.741 

Iron  persulphate 

:::::::::.::":::: 

Sodium  nitrate 

2.68 

Calcinm  phosphate  

0.055 

0.01 
Trace 

Magnesium  pnosphate 



..........  ... ... 

Aluminium  phosphate 

.::::.::::::::..;::: 

0.04 
Trace 

Magnesium  oiborate 

.::::.:::;-::-::.::::: 



Sodium  silicate 

2.W 



1.72? 
2,60 



Magnesium  silicate 

Iroucrenale    

"im 

"air'" 

Sodium  chiotide 

0.3. 

0.710 

.::..::::: 

4Jaloinm  chloride 

3.97 

Potassium  chloride 



::::::::  :::::::::: 

0.10 

Calcium  fluoride 

Trace 
'K).01 

Sodium  bromide 

Soda 

Trace 



Litbia         

Trace 

Trace 

:::;::::::i ""::::: 

Tilanicoxido    

Ti-aoe 

Iroa  oxide  or  protoxide 

20.040 
4.  Ill 

Trace 

Silira :. 

"33.82  " 
*"*L75' 



"'2.02* 


Sulphuric  acid 

Carbonic  acid 

Organic  matter 

Trace 



6.92 



Trace 

■  3.'78" 

Total 

135. 28 

190. 408 

23.71 

32.63 

20.67 

104.06 

6.00 

Oases. 


Carbonic  acid   

Sulphureted  hydrogen  . 

Oxygen 

Nitrogen , 

Carbon  dioxide 


'  Oub.  inf. 
,    in  lou. 
In  excess 


(hib.  ins.    Cub.  ins.  ;  Oub.  ins.  ■ 
in  lOU.       in  100.        in  100. 

1.02 

0.19    ,        0.26 


Cub.  ins. 
inlUO 


'  Out.  ins.  !  Oub.  ins. 
'    in  100.     ,    in  100. 


1.62 
2.64 


3.25 


1.70 
3.60 
12.38 


laoo 


•J.  L.  Campbell,  analyst  (1879). 
••C.  F.  Chandler,  analyst  (1884). 
«W.  B.  Kogers,  analyst  (1835). 
■^A.  A.  Haven,  anal \ si  (IK,VJ). 


•M.  B.  Hardin,  analyst  (1880). 
f  William  Gilham,  analyst. 
I W.  8.  C.  Taylor,  analyst  (1888). 
•»  With  iodide. 
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WEST  vmaiNiA. 

West  VirgiDia  is  noted  for  its  mineral  springs.  Berkeley  Springs  ]» 
one  of  the  oldest  resorts  in  the  United  States,  the  town  of  Bath,  named 
after  the  English  watering  place,  having  been  laid  ont  in  1777,  while 
Greenbrier  White  Sulphur  Springs,  which  are  so  well  known  through- 
out the  country,  have  been  used  medicinally  since  1778  or  1779.  The 
best  known  springs  are  in  the  eastern  and  southeastern  portions  of  the 
State,  especially  in  the  Alleghany  Mountains.  The  western  counties 
also  have  a  number  of  important  springs  and  mineral  wells,  and  whcD 
the  central  part  of  the  State  becomes  better  known  many  springs  will 
probably  be  added  to  the  list.  The  general  characters  of  the  waters 
are  like  those  of  Virginia.  The  springs  are  thermal  and  cold,  saline^ 
chalybeate,  carbonated,  sulphureted,  and  acid.  The  saline  and  snl- 
phureted  waters  predominate. 

Mineral  springs  of  West  Virginia. 


Name  and  location. 

1 

1 

i 
1 

1 

! 

Character  of  the . 
water. 

Bemarka. 

Alum  Sprfnff,  1    milo  from  Uttle 

Sewell      Moontain,      Greenbrier 

Coonty. 
Anrora  Higblande  Spring,  Anrora, 

PrentoD  County. 
Barger's  Springs,  Barger'g  Springs, 

Snminei  8  Cnnnly. 
Berkeley  Springs,  Berkeley  Springs, 

Morgan  Conniy. 
Bine  Salpbur  Springs,  Bine  Snlpbnr 

Springs.  Gn  onbner  County. 
Bluisb-xVbiie  Snlphnr  Spring,  E«l- 

niy.  Pocahontas  County. 
Borland     Mineral    Well,   Borland*, 

o 

Unimproved. 

Improved. 
Local  resort. 
Resort. 

1 

2 
5 
2 

L 

76 

20 

8  000 

48 

7R 

Calcic 

2,000                 46 
*    1 

Sulphureted    . 
....do 

Resort  prior  to  the 

war. 
Unimproved. 

Local  resort. 

Alkaline,  saline, 

iMeaiiants  County. 
Garion     SprinsH.    Capon     Springs, 

Uampsbire  County 
Ot-  alybiate  fiprings : 

Near  Fayette  SUtion,   Fayette 

County. 
Near  Ecfiay,  Pocabontas  County. 
Near  Brandy  wine,  I*endleton  Co. 
Colombia  Sulphur  Spring,  Colum- 
bia Sulphur  Springs,  Greenbrier 
County. 
Crimson  Springs,  Crimson  Springs, 
donroH  County. 

Flciing  Springs  (Blue  Sulphur 
Springs),  Floding  Springs,  Cabell 
Conntv. 

Greenbrier  White  Snlphnr  Springs, 
White   Sulphur  Springs,    Green- 
brier County. 

Green  Sulphur  Springs,  Green  Sul- 
phur SpringM.  Snainiers  County. 

Grey  Sulphur  Springs,  Peterstown, 
Monroe  County. 

Gninn's  Spring,  near  mouth  of  Lick 

Creek.  Fayette  County. 
Hardy   White  Sulphur  Spfings,  14 

miles  south  or  Moorefield.  Uardy 

County. 

54  to  06 

sulphureted. 
Alkaline,     car-  '  Used    oommei-ciallT* 

bomated. 

and  as  a  resort. 

Uuimporiant     and 

unimproved. 
Unimproved. 

1 
3 

1 

2 

2 

3 
2 

Chalybeate 

10 



Used  to  small  extent. 

as  a  resort. 

Unimproved ;  used 
locally  for  medic- 
inal purposes. 

Resort. 

Used   oommercially- 
and  as  a  resort. 

Unimproved. 

1,8«04- 

62 

Sulphureted  ... 

Calcic,    sulphu- 
reted, and  cha- 
lybeate, 

Sulphureted,  &c. 

Saline,    sulphu- 
reted. 

Sulphureted    ... 

..  do 



50 

Unimportant    now,, 
but  used  as  a  re- 
sort prior  to  1840. 

65 

48  to  50 

*  This  locality  is  taken  fkx>m  Walton. 
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[BCLL.S1 


Mineral  springs  of  West  Virginia — ContiDued. 


Ifanie  and  local  ion. 


Hart    Well,  near   Willow    Iwland, 

Pleasanta  Comity. 
Howar<i'8    Lick,     Howards    Lick, 

Hardy  County. 
Hnnipliiey'a  Spring,   between   Salt 

Sulphnr  and  Kiid  Salphur  Springa,  i 

MonrtM)  County.  ' 

Irundulo  Sniinjrl  Irundale  Furnace,  i 

Indcponaeni'.e.  I'reston  County.       ' 
Kaouwha  Salino  Spring,  Kanawhu 

Valley.  . 
!Msigne-ia  Spring,  near  White  Snl- 

punrSpringA,  Crieenbrior  County. 
lirlcclh'iu'H  Spring,  2  milen  from  Berke- 
ley Sprlnga.  Morgan  County, 
l^lincral  SpriugA,  near  Clarkabarg,  ' 

Ilani^ton  County. 
Minoral  Well,  Miilbourc  Kidge,  near 

MiiNe'a  Bottom,  Jackson  County. 
OnickV  Sulphur  Spring,  4  milea  from 

Bi'rkeley  SpringH,  Morgan  County. 
rark<*iaburg  Miuoial  Wells.  6  miles 

south    of    F^arkeraburg,    Mineral 

Wells,  Woofl  County. 
ll(d  Sulpbiir  Springsi  Ked  Sulphnr 

Springs,  Monroe  County. 
S  lit  Sulphur  springs,  S.i1t  Sulphur 

S  prlngs,  Mon  roo  Conn  ty .  I 

Slinnnondale  Sp-ini^s.  5|  milea  from 

(;harleetown.  Jefferson  County.        { 
SbarpnackV  Well  (G50  feet),  Petro-  . 

leum,  Uitchie  County. 
Spa  Spring,  1^  milea  nam  Berkeley 

Springs,  Morgan  County. 
Sulphur  apringt: 

Near    Blue    Sulphur    Springs, 
Greenbrier  County 
Sweet  Springs,  Sweet  Spi  luge,  Mon* 

roe  ConntT. 
Webster  Salt  Sulphnr  Springs,  Web- 
ster Court-House,  Wtbater County. 


ICemarks 


Alkaline,  aaline.  I  Resort. 


1  180    ,  45     Calcic,  aaline  ...{  Used  commerdallj. 


I  Saline  ... 
I 
Calcic,  saline  . . . 


I 


10 


40 


58     Sulphureted ... 

46  '  Saline,    carbon- 
ated. 


I 


2  210    I  51     Sulphareted 
4    '      400+!    49to65i  ...do     

3       

1  500 


Used  conimeroiallj 
Mid  as  a  resort. 

Do. 

Do. 


65     Saline,    ch%lyb-     Resort. 
I      eate. 

Used  to  some  extent 

as  a  resort. 
53     Chalybeate.  ... 


Unimproved. 
Resort. 


Saline,    sulphu- 
reted. 


Used  to  acme  extent 
as  a  resort. 


(198) 


Digitized  by 


Google 


nuu.] 


WEST  VIRGINIA. 

Analyses  of  mineral  Bpringa  in  fVe$t  Virginia. 


71 


ConstitTieiitfl. 

Berkeley 
Springs. 

Blue  Sulphur 
Springs. 

Cfraint 
pergattMi. 

Borland 
Mineral  Well 

Graim 

pergaUon> 

71,80 

8.76 

1.86 

Capon  Springs. 

Main  Spring. 

Beauty  Spring. 

Sdidt. 
Sodinm  oarlmnato ........ 

Oraint 
per  gallon.* 

Oroingper 

imp.gaOim,^ 

0.50 

8.83 

1.44 

Trace 

Trace 

0.04 

Orainaptr 

imp.gaXUmJ* 

1                   Q  09 

Ma  cesium  carboDate 

6.00 

5.05 
0.94 

8.86 
1.27 

f  Jthinrn  cM'b'tnate  -  - . . 

Trace 

Trnoe 

Iron  cat bonate ^.. 

AlamiDium  carboaata. . . . 

\       ••«{ 

0.05 

Copper  carbonate 

Trace 

Sodiam  sulphate 

16.22 

4&65 

6.38 

87.87 

Calciam  aaiphate     

0.60 

0.41 

Mapieelam  aaiphate 

Pntw^^lnn)  9lllphat4f 

0.86 

22.62 

0.17 
Trace 
Trace 
Trace 

0.16 

Strontinm  sulphate 

Trace 

Kiliatee 

Trace 

( 'ai<in  m  phosphate ....... 

' 

Trace 

Altiniinium  phosphate  . .. 

0.23 

Earthy  phosphates 

Trace. 

Calcram  8{li<»te 

0.64 
8.64 
0.08 
0.89 
0.21 

Calcium  crenate 

Iron  crenate 

Sodium  chloride 

Calcium  chloride  

Mairnesiam  chloride 

4.21 
0.01 

240.07 

i'ii* 

0.06 
Trace 

0.05 
Trace 

Calcium  iluoride 

Trace 

Haffueslum  bromide 

0.28 
0.02 

MagDesium  iodide 

Iron  protoxide 

0.08 

Han^nese 

Trace 

Alumina 

0.02 
0.70 

0.02 

Siliea     ..     

0.69 

0.67 

Iodine 

Trace 
6.93 

Org^anio  matter 

Trao.^ 

0.20 

0.19 

Loea 

0.06 



Total 

10.88 

86.82 

802.87 

12.14 

11.81 

Oiuet. 
Carbonic  acid     

10.00 

€ftMeineh«M. 
6.85 
1.03 
1.29 
7.40 

Oubie  inchea. 

856 

7.7i 

Snlohureted  hvdroffen 

Oxygen 

16.60 
64.80 

\'- 

1.76 
3.68 

1.68 

liitrogeu 

.3.68 

Totil 

10.90 

10.16 

14.00 

13.12 

•  A.  A.  Hayes,  analyst  ( 1863). 

*  T.  G.  Wonnley,  analyst. 


'  J.  W.  Mallett,  analyst. 
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Analyei  of  minenl  8pring$  in  Wmi  V^^Ma, — Continned. 


Constitnento. 


8olid9, 


Sodiam  oarbooate 

Calcium  oai  boDEte 

Magnesium  carbonate . 
Ammonium  carbonate . 

Sodium  fiulnhatA 

Calcium  Hulpbate 

MagneBinm  sulphate  . . 
Alnmiuinm  sulphate  . . 
Iron  protosulpnate  — 
Bartnv  plioapbatra  .  . . 
Silicatee  .   ... 

Sodium  cblnride 

Calcium  cblnride  — 
Maenesium  chloride . . . 
Potassium  chloride .    . 

Magnesia 

Lime 

Iron  oxide   

Iron  protoxide 

Iron  peroxide 

Alnmina 


Qrey  Sulpbar  Springa. 


Greenbrier  White  Sulphur  Springii 

I  


ijSS?'  I  ^u-*yi«p««8pri.g.|  J»s^_ 


Oraint  in 
100eu.t'n.* 
1.75 
2.07 
2.46 
Trace 
0.36 


I 


Oraim  in 
100  eiL.  in,* 
2.46 
2.84 
1.68 
Trace 
0.43 


I 


Parte  in 

100. -f'' 

50.00 

88.00 

8.10 


Graint 
pergalL* 


7.07 


0l34 


Trace 


0.09 


•I 


0.75 


SUica 

Iodine 

Sniphnrio  acid 

Organic  matter <  Large  am*t 


Total . 


7.82 


0<uet, 


Carbonic  acid 

Salphureted  hydrogen  . 

&.TKen 

Nitrogen 


;  Cfub.  inekB9. 

'  6,18 

0.41 
0.40 
8.00 


Total . 


Trace 
Trace 


7&35 
35.42 


J. 


0. 21    i       Trace 


Trace 


.1- 


0.05 


0.82 


Large  am't 


7.M 


Oub.  inehet. 
6.54 
0.20 
0.40 
8.07 


Trace 


8.60 


•100.60 


Oub.  inchet. 


8.46 


Name  Sour 

unknown.       Spring. 


Graina 
pergatL* 


Graim  in 
100  ou.  in.* 


LOO 


4.86 


129.66 


Oub.  inehst. 
11.28 
0.24 
0.48 
4.64 


16.64 


8.53     1 

1.17      

9.85    ! 

78,19    1 

19.08    1 

0  02      

0.15     

Traoe    

'  o'iit' '/.'.'.'... '..v.. 

0.02     

0.16    1  

Trace 
5.65 


12.12 


16.20 


"i'.'oi 


48.88 


107.15 


82.80 


Oub.  ineh^,  Oub. 

8.48    I 

2.96    , 

0.40    ! 

4.82      


16.16 


*  W.  B.  Bogers,  analyst. 

k  C.  n.  8hepard«  analyst  (1835). 

•  A.  A.  Hayea,  analyst  (1842). 


'  Undetermined. 

*  There  are  22.15  grains  per  gallon. 
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AnaljfBea  of  mineral  tpHng9  in 

FFett  Fir^nia—CoQtinaed. 

Constitaents. 

1 

] 

Hum- 
phrey's 
Bprinsr. 

Irondale 
Spring. 

SoUdt. 
Sodinm  carbouftte   

f^AlAintn  ratrtmnjitA 

Qmint 

8.86 

1.88 

'0.70 

38.38 

Oraimin 
200  eu.  in.  •> 
5.83 
0.44 
0.20 

Oraint  in 
100  eu.  in.^ 

6'38' 

1.01 

Oraint 
pergalL* 

Oraint  per 
imp.galX,^ 

2137"' 
11.16 
0.82 
1.20 
21.01 
12.06 

Oraint 
per  gaa,* 
4.00 

BfagneaiaiD  carboDate 

Iran  carbonatA          .#....... 

Sotlium  Bcilpbate    

CAtcinin  anJnbata 

0.10 

16.54 
&73 
4.28 

24.00 

60.42 
4.34 
6.76 

11.84 

MfliniAffliiTn  finlnliat^^  ,^--  -- 

lA  hi% 

Potasainm  aalDnato 

22.92 

1.46    1 77 

Alamioiam  sulphate ........ 



A  mmoninm  cnin^hatA 

0.18 

Manganpae  snlpnato 

2.86 



Iron  MilDhata              ...  .   . 

'Trace 

.      J   HA 

Aluminiam  phosphate 

Sodium  chleride     

0.23 

243.59 

2.16 

0.46 

i73    i           LSA 

1.26 

41.00 

Magnesium  chloride 

Potassium  chloride 

1.61 

::.. 



1.74 

* 

Maffruesium  bromide 

0.28 
0.02 

":::: ;:::.:::::;: 

::::::;::::.::::::::::: 

LitEia                

Trace 

Iron  iiTOtoxido .i.. •*•••.•«..• 

Trace 

Itud  peroxide 

0.12 

0.43 

Manganese 

Siliea 

0.07 
0.58 

0.87 

ifii" 

0.86 
Trace 
Trace 

Iodine 

iTrace 

1  Trace 

LOO 

Bromiue 



Sclphario  acid 

Oreanic  matter 

Trace 

Trace 

^Mnch 



Trace 

Yegeuble  and  TolatUe  sub- 
stances 

8.24 

Total 

398.53 

7.11 

40.28 

96w76    ;         74.06    '             84.00 

Otu. 
Carbonic  acid 

16.00 

Constituents. 


&>Iid«. 


Salt  Sulphnr  Springs. 


Old  Spring.     Iodine  Spring. 


Shannondale    Q„^^*fl«^„„«    Red  Sulphur 
SbiiniFfl.        Sweet  Springs.       ^^^iui^ 


St>nng8. 


Sodium  carbonate.... 

Calcium  carbonate 

Macnesium  carbonate. 
Potassium  carbonate.. 

Iron  carbonate 

Sodium  sulphate 

Calcium  sulphate 

Ha^e.<iium  sulphate.. 

Iron  sulphate 

Earthy  phosphates 

Sodiuin  chloride  

Calcium  cbloi  ide    — . 
Magnesium  chloride  . 

Iron  peroxide 

Alamina 

SUica 

Iodine    

Bromine 

Organic  matter 


Qraint 
per  gcMon> 


10.26 
3.31 


22.36 
84.00 
18.21 


Trace 
1.58 
0.0fi 
0.26 
0.10 


Oraint 
per  gallon.^ 
10.80 
33.00 
7.00 
2.33 


Qraint  in  IW 
graint  nf  toUd  I 
oontenttJ      \ 


Oraint 
pergdUon> 


Springs. 


Oraint  >- 
pergaUon.^ 


10.5 


80.06    I 
0.82 


5.25 
4.81 


24.00 
6().00 
20.00 


0.7 


Trace    I 


Total 


9.24 


0.73 
1.50 
0.50 
0.28 
1.06 
0.18 
1.76 
0.63 
0.65 


68.0' 

23.5 

6.34    ! 
13.17 
0.39       ... 

4.14 
0.55 

0.3 

1 

Ti-ace 
0.14     .... 
0.14     .... 

0.8!} 

1.0 

1.0 

0.31 

0.14 

1 

1 

0.17 
Trace 

1 

1 1 

b8.3» 


150.28 


172.48 


100.0    I 


60.68 


2a  g(^ 


Oatet. 


Carbonic  acid . . 

Sulphureted  hydrogen 


Cubic  inehet.  !  Cubic  inches.      Cubic  inehet. 
i:t.  28    I '  34. 56    ,  Undetermined 

3.44  19.12    I  Undetermined 


Cubic  inehet. 
88.00 


Cubic  indket. 
&00 
1.04 


■  S.  C.  Welbi,  analyst 
*  W.  B.  Rogers,  analyst 
'  Prot  Breneman,  analyst. 
'  Wm.  E.  A.  Aiken,  analyst. 


*S.  F.  Bern V,  analyst. 
'With  cobalt  and  nitric  acid. 
KWlth  sodium. 
fcWilh  sulphur. 
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*  D.  Stewart,  analyst. 

J  De Butts,  analyst. 

k  A.  A.  Hayes,  analyst  (1842). 
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MINERAL    SPRINGS   OF   THE    UNITED    STATES. 


[BrLL.  32. 


NORTH  CAROLINA. 

Korth  Carolina  enjoys  tbe  distinction  of  being  one  of  the  two  States 
on  the  Atlantic  coast  that  possess  hot  springs.  Usudllj  her  miDeral 
springs  are  not  different  from  those  occurring  along  the  coast  and  id 
the  region  of  the  Appalachians  in  the  neighboring  States.,  As  iu  Vir- 
ginia, chalybeate  and  sulphureted  springs  are  most  nnmerous.  Tlie 
books  usually  credit  the  State  with  four  or  five  localities.  The  i)re8- 
«nt  list  includes  66,  of  which  a  fair  proportion  are  utilized  as  places  ot 
resort,  while  many  have  well-established  local  reputations.  Seven  of 
the  springs  are  used  commercially.    Analyses  are  given  of  18  springs. 

For  a  considerable  number  of  these  thanks  are  due  to  Prof.  Charles 
W.  Dabney,  jr.,  of  the  State  agricultural  experiment  station.  Others 
are  taken  from  Professor  Kerr's  report  on  the  geology  of  North  Caro- 
lina. The  greatest  part  of  the  information  as  to  the  spring  localities 
lias  been  derived  from  direct  correspondence  with  the  spring-owners. 

Mineral  springs  of  North  Carolina, 


Nune  and  location. 

1 

1 

12 

1 

8,8004- 
90.000 

1 
1 

Character  of  the 
water. 

Chalybeate,  sul- 
phureted. 

Chalybeate,  sul- 
phur. 

Remarks. 

All  Heallne  Spriogd,  All  Healiug, 

Gafiton  Conntv. 
Alum  Spring,  near  Catharine  Lake, 

Onslow  County. 
Alum  Sprlne,  Uald  Mountain,  near 

Chimnev  Rocic,  Hntherforcl  County. 
Bell  Spring,  Palmervf  lie,  Stanly  Co  . . 
Bliickwell^  White  Sulphur  Sprin<;B, 

4  miles  from  Alexander,  Buncombe 

County. 
Burke's   Chalybeate    Springs,  near 

Taylorsville,  Alexander  County. 
Chalybeate  Mineral  Spring,  near  Va- 

rina.  Wake  County. 
■Chalybeate  springe : 

NAAr  MiiHnn   Ikf  nDnvrpIl  Cniinf.r 

0 

62  to  58 

62 

Reaort. 

Da 

Has     local    repat»> 
tion. 

] 

WH- 



Sulphureted  .... 

Resort. 

Uoimproved. 
Do 

1- 

IG 

Five  miles  south  of  Wadesbor* 

ongh,  Anson  County. 
West  of  Sandtord.  Moore  County. 
One  and  ahalf  ra  ilea  west  of  Bller- 

eo 

62 

be  Springs,  Richmond  County. 

Near  Laurinburg,  Richmond  Co  . 

Near  Shelby,  CleveU-nd  County. . 

<3harlotte  Mineral  Spring,  Charlotte. 

Mecklenburg  County. 
■Chatham  Mineral  Spring,  near  Pitta- 

borough,  Chatham  County. 
Cleveland    Mineral     Springs,    near 

Shelby,  Cleveland  County. 
Cowhead  Spring,  4  miles  north  of 

Washington,  Beaufort  County. 
Creswell's  Sulphur  Spring,  2  miles 

from  Mooresville.  Iredell  County. 
Dennison's  Mineral  Well,  New  Berne, 

Craven  County. 
De  Hart's  Springs,  near  NanUhalah, 

Swain  County. 





Saline 

3 

180 

58 

eo 

60 

Sulphureted, 

chalybeate,  &o. 

Chalybeate 

Sulphureted.... 

Beaort. 
Da 

1 
I 

9 

Do. 
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Kame  and  location. 

Knmber  of  springs. 

Flow  in  gallona  per 
hour. 

2    ' 

i         Character  of  the            t»-«,«,.v. 

1  I        ^ 

SUcodale  Chalybeate  Springs.  BUen- 

dale,  west  of  TaylorsviUe,  Alex- 

ander  Connty. 
BUerbe  Spring,  Ellerbe  Springs, 

Riohmond  Countv. 
Su  peptic  Spring.  15  miles  north  of 

StatCriTille.  Iredell  Connty. 
£wiog  (Springs,    Snlphnr  Springs, 

llontgomerv  Connty. 
Glen  Alpine  Spring,  10  milee  aontb 

of  Morganton,  Bnrke  Conntr. 
Haywood  White   Salphur  Springs, 

wayneeville,  Havwood  County. 
Healing  Springs,  dealing  Springs, 

Hewlerson  Mineral  Springs.  1  mile 
fnim  Henderson,  Vance  Connty. 

Henson's  White  Sulphur  Spring, 
near    Island    Ford,     Kutherford 
Connty. 

Jacltson  Springs,  Jackson  Springs, 
Moore  Count  v. 

Jones'  White  Sulphnr  and  Chalyb- 
eate Springs,  10  miles  south  of 
Bidgeway  and  11  miles  from  War- 
lenton,  Warren  County. 

Kittrell    Springs,    Kittrell,  Vance 
Connty. 

L.awreuce*s  Chalybeate  Spring,  Mur- 
freesborough,  Hertford  Connty. 

Lemon  Springs.  Lemon  Springs,  2 
miles    west  of  Mnnne    ^tation, 
Moore  Connty. 

Leinster  or  Poison  Springs.  6  miles 

sooth  of  StatesYille,  Iredell  Connty. 

£«ewis  Sprinx,  near  Green  Hill,  Bnth- 

o 

To  be  need  commer- 

1 
1 

00 
0 

60 

cially  in  ftatuTB. 
Local  resort. 

Snlphnreted .... 

Once  a  considerable 

05 

resort 

Saline»   carbon, 
ated. 

Resort. 

2 
2 

I 

2 

2 

120 
45 

60 

Chalybeate 

Sulphureted.... 

Chalybeate 

Do. 
Resort    to    limited 

80 

61 

extant. 
Resort 
Was  once  a  reaort 

Chalybeate    .... 
...do 

Unimproved. 

Water    in    sold    to 
some  extent  and 
the    place    is    a 
small  resort 

2 

7 



60 

Chalybeate,  Ac. 

and  as  a  resort. 

Has  local  reputa- 
tion.    • 

Once  a  resort;  un- 
improved at  prea- 

erford  Countv. 
Londermilk  Sniphur  Spring.  5  milee 
west  of  Taylorsrille,   Alexander 
Countv. 

Ch  &pel  Hill,  Orange  Countv. 
McBrfde's    Springs,    near    Shelby, 

ClcTeland  County, 
liillstead's    All     healing    Mineral 

2 

' 

Sulphureted  and 
cnalybeate. 

1 

120 

66 

Reaort 

Sprins,  near  Ellendale,  Alexander 

Miwral'tpringt: 

Ai  Ansonville.  Anson  Cou'itv  . .. 

60 

borough.  Aniion  County. 
At  Hsw  River,  AlamHUC.*  County. 
At  Icard  Station,  Burke  County  . 

lithia 

Seven  miles  noribeaet  of  Ashe- 

vilie.  Buncombe  County. 
Near  Rock  Spring.  Orange  County 
At  Oreensborongb.  Guilford  Co  . 
Mineral  Well,  Thomas  vUle.  Davidson 

Connty. 
Misenheimer's  Snlphnr  Springs,  near 

Copal  Grove,  Stanly  County. 
Miaheman'a  Springs,  near  Biiesville, 

2 

3 

104- 

Snlphnretedand 
chalybeate. 
Chalybeate 

Do. 

• 

Staniy  County- 
Moant    Vernon    Mineral    Springs, 

Mount  Vernon  Springs,  Chatham 

County. 
Panaop*  Springs,  Panacea  Springs, 

Halifax  ConntJ. 

FarVs  Alkaline  Mineral  Sp]Sng,6 
miles  east    of   Pelham,  Caswell 
Connty. 

2 

18 

1 

Used    commercially 

8.700 
60 

68  to  00 
66 

Saline,   carbon- 
ated, and  cha. 
lybeate. 

Caioio 

to  small  extent  end 
as  a  resort 
Used  commerciAlly 
and  as  a  resort. 

Used  commercially 

and  as  a  local  re- 
sort 
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Mineral  ^^ngs  of  North  CaroHna^  Continued. 


Name  and  location. 

1 

1 

1 

Character  of  the 
water. 

Remarks. 

Pattenon    Springs,    near    Shelby, 
Cleveland  Conuty. 

PiedmoDt  Springs,  near  Danbnry, 
Stokes  County. 

Pi«Hlinont  Springs,  Piedmont  Springs, 
Bnrke  Coanty. 

Rocky  River  Springs,  near  Silver. 
Stanly  Coanty. 

Seven  Springs  Seven  Springs.  Wayne 
Coanty. 

ShawH  Healing  Springs,  i  mile  north 
of  Littleton.  Halifax  Coanty. 

Shooco  Springs,  5  miles  from  War- 
rentOD.  Warren  Coaoty. 

Sparkling  Catawba  Springs.  Spark- 
ling Catawba  Springs,  6  miles  from 
Hickory,  Catawba  Connty. 

Stonewall  Springs,  6  miles  fh>m  Gra- 
ham Alamance  Connty. 

Strader's   Mineral   Spring.  8   miles 
norib  of  Pelbam.  Caswell  Coanty. 

Sue  Sprin'j,  near  Warrenton,  Warren 

o 

2 

2 
H 

7 
16 

05 

Chalybeate 

Snlpharetedand 
chalybeate. 

Resort. 
Do. 

400 
488 

58 

Do. 

Chalybeate,  Ac  . 

and  as  a  resort 
Resort. 

Do. 

5 

00 

60 

Saline,   carbon- 
ated. 

Used    commercially 
to  some  extent  and 
as  a  resort. 

Chalybeate 

Salphareted  (f). 

Unimproved. 

Coanty. 
Satphar    and   Chalybeate  Springs, 

on  French  Broad  River,  Madison 

Coanty. 
Snlpbur  Springs.  Snlphar  Springs, 

Montgomory  Coanty. 
Svlphur  tpringt: 

Near  Petra  MIUs.  Caldwell  Co . . . 

2 

20 



40 

Snlphnreted   ... 

Resort. 

Near  Settle.  Iredell  County    ... 
Five  and  one.half  miles  south- 

1 + 

48 

Salphareted  and 
e&alybeate. 

Local  reeorl. 
Resort. 

west  of  Ashevllle,  Bnnoombe 
Conntv. 
Ten  miles  northwest  of  Ashe* 

i 

1 



Da 

ville,  Bancombe  County. 
Warm  Springs,  Warm  Springs,  Madi- 
son Coiint>. 
Warren  White  Snlphar  Springs,  10 
miie«     from    Ridgeway.    Warren 
County. 
Whit4  ntlphur  tpringt: 

At  CutJkwba.  Catawba  Countv 

20 

02  to  117 

Do. 

1 

1 

Six  miles  east  of  Taylursville, 

Alexander  Coanty. 

Wilson's  White    and   Red  Sulphnr 

Springs,  near    Shelby,  Cleveland 

Coanty. 

Wise's     Sprinir,    Marftvesborongh, 

Hertford  County. 
Yadkin   Mineral    Springs,  Palmer- 
▼ille,  Stonly  Coanty. 

1 

50 

Salphareted  ... 

Used  as  a  resori  to 

some  extent. 



Chalybeate 

Chalybeate,  sal- 
phareted. 

Unimproved. 
Do. 
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Constitaents. 

Alum 
County. 

Charlotte 
Mineral 
Spring. 

Chatham    , 
Mineral 
Spring. 

Cleveland  Mi 

White 
Sulphur 
Spring. 

Cfrains 
per  gallon. 
4.60 
18.70 

neral  Springs. 

Red 
or  Iodine 
Spring. 

SoHds. 
Calcium  carbonate 

Qrain8 

Qraimper 
imp.gaaon^ 

Grains  per 
imp.gal^^ 

Grains 
per  gtUUm. 
3.12 

Calcium  sulphate 

36.66 
4.53 

'  17. 42 

Magnesiam  snlphale 

Salphatea 

Trace 
Trace 

'2&80 
36.56 
89.13 

Nitrates           

Sodium  chloride 

3.30 

M{fcgne«ium  chloride .,  . .  - 

7.65 
4.84 

Calcium  chloride    

Magnefiia 

6.49 
4.60 

Lime 



Ii^n... 

Trace 

Ironoxifle - 

1.65 
U.02 
0.25 
5.16 

Trace 
Trace 
Trace 

A  lumina 

Trace 
'18.97 

Silica  



Chlorine 



Snlphnricacid 

.;:..::::::::  :::::::::i:::::: :::  ::::::^::^ 

Organic  matter 



Total 

17.07 

62.80 

104.40 

85.60 

20.54 

Gases. 


Caibonioacid 

Snlphnreted  h.ydrogen . 


Oubie  inches. 


Oubie  inehse.    Oubie  inehee.    Chibie  inekse.  I  Cubio  inches. 


Constituents. 

Cowhead 
Spring. 

Oraine 
per  gallon.* 

Ellerbe 
Spring. 

Glen 
Alpine 
Spring. 

Greens- 
borough 
Spring. 

Grains 
per  gallon.* 

Spring 
at  Icard 
Station. 

Solids. 

Calcium  carbonate 

Iron  carbonate    , 

Grains  per 
imp.gaUon.i 
3.64 

Grains 
per  gallon.* 

Grains  per 
imp.  gallon.^ 

2  60 

Calcium  sulphate 

4.56 
0.80 

Sodium  chloride 

Soda 

6. 27 
0.42 
1.62 
0.60 
0.18 
2.10 
0.42 
0.12 
Large  am't 
L02 

Uagnesia  

0.06 
1.17 

8.76 
0.18 
L23 

6.25 
1.72 

1          '0.92  J 

LOO 
0.37 
0  74 
32.22 
1.79 

Limo 

Iron  oxide... 



Alumina 

Silica 



Chlorine 

Salpburio  acid 

Caroonic  acid 

Organic  matter 

5.79 

Total 

13.05 

9.00 

39. 61 

6.75 

2.60 

Oases. 
Carbonic  acid 

Cubic  inches. 

Oubie  inches. 
Present 

Cubic  incites. 

Cubic  inches. 

Cubic  inches. 

Large  am't 

Trace 

Snlphnreted  hydrogen 



■  W.  C.  Kerr's  Geolojjv  of  North  Carolina, 

Vol.  1  (1875). 
^C.  W.  Dabney.  Jr.,  analyst. 
'  With  iodine  ana  magnesia. 


*  With  potassium  chloride. 

•  With  alumina. 

'  With  Combined  water,  &o. 

>C.  W.  Dabney,  Jr.,  analyst  (1883). 
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Afialytes  of  mineral  springs  in  North  Carolina — Continaed. 


CoDBtituenta 


I  Denniaon'a 
I      Mineral 
I        WelL 


KittreU 
Springs. 


Panac<>a 

Sprinff,  near 

Littleton. 


Park's 
Alkaline 
Mineral 
Spring. 


'      Mineral 

Well, 
■  Thomaaville. 


Calcinnt  carbonate  . . . 

Iron  carbonate 

Sodmm  sulphate 

Magnesinm  sulphate 

Soflinm  chloiide  

Soda 

Magnesia     

MagneHiiim 

Pobiseiam 

Lime 

Iron  

Manganese 

Iron  oxide  

Alumina    

SilicA 

Sulphur 

Chlui  iuo 

Phosphoric  add 

Hydrochloric  acid 

SuJphuiicacid 

Caibonioacid       ..   .. 
Organic  matter 


Total 


Oat. 


Garl>onlc  acid  . 


Oraint  per 
t  imp.galwn.* 
12.  58 


4.94 


*3.48| 


Oraint  per 
imp.  gallon.* 


Oraint 
per  gallon.^ 


9.20 


Oraint             Oraint 
per  gallon.*      per  gallon.^ 
4.80     


2.23 
0.20 


0.70 
1.20 


1.48 

1.50 

Trace 


0.01 
2.18 
0.82 
1.18 


1.09 


0.75 


1.74 


0.53 
0.81 
0.43 


3.50 

3.50 

Trace 

0.15 


2.62 
I.OO 


0.40 
0.82 
3.95 


23.40 


9.20 


9.79 


14.93 


ia52 


Ottbic  inehst.  \  Cubic  ineKet.  i  Cu&io  inoKet.  \  Oubie  inehet,  I  Cubie  iiidhM. 
jiArgeam't    |  Large am't 


Warm  8|[>rings. 


Constituents. 

Bathing 
Springs. 

Drinking 
Springs. 

Warm 
Spring. 

Oraint 
per  gallon. 
a68 
4.24 

Iron 
Spring. 

Parttin 
1,000,000. 

Hot  and 

Warm 

Springs. 

Sodium  oarbonate 

Sodium  sulphate 

Calcium  sulphate 

Magnesium  sulphate        

PotonMum  sulphate 

Soluble  silicates 

Oraint 
per  gallon.* 

9.03" 

40.68 
1.34 
0.36 
a97 

0.91 

0.22 
10.10 
0.31 

Oraint 
per  gallon.' 

aw' 

40.54 
a  13 
0.47 
9.54 

i.'io' 

0.37 
a  94 
0.&0 

Oraint 
per  gallon/ 

17.  .t6 

7.64 

2.84 

2.46 

7.ri0 



Iron  crenato          . 

Sodium  chloride 

Magnesium  chloride   

Calcium  chloride   



1                5.00 

1L48 

Potassium  chloride 

Magnesium 

7.4" 

140.8 
31.9 
Trace 
72.1 
:{2.4 
.104. 6 
3a  2 


Calcium 

;:::::::::::  :::::::;:::: 

Iron 

1 

Mansranese  

I 

siiicf!:.^ :.:.::::: 

3.82 

Sulphuric  acid 

Carbonic  acid 

Organic  matter 

Insoluble  residue    

.     . 

2,.^ 

Loss 

"  ' 



1.25 

Total 

72.12 

78.49 

35.60 

627.4 

33.  H7 

Oateu. 

Carbonic  acid    

Sulphnreted  hydrogen 

Cubic  inehet. 
10.96 
L76 

Cubic  incheji. 
10. 72 
2.48 

Cubic  inehet. 

Cubic  inehet. 

Cubic  inches. 

•C.  W.  Dabney,  jr.,  analyst. 

•»  W.  C.  Kerr,  Geologv  of  North  Carolina  (1875). 

'  A.  R.  Ledoux,  analyst. 


*>  With  raa;niesia  and  combined  oxygen. 
•  E  Adolmarth,  analyst. 
f  E.  D.  Smith,  analyst. 
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SOUTH  CAROLINA. 

Chalybeate  springs  are  said  to  abound  in  South  Carolina  and  many 
of  them  are  resorted  to  locally  to  a  considerable  extent.  Glenn  Springs 
and  the  Charleston  Artesian  Well  are  well  known  beyond  the  ^tate 
limits.  The  latter,  with  several  other  artesian  wells  in  the  same  city, 
is  therojal,  the  temperature  of  the  waters  being  almost  high  enough  to 
class  them  as  hot.  They  are  said  to  possess  medicinal  properties.  So 
far  as  learned,  only  the  Glenn  Springs,  Garrett  Spring,  and  Chick's 
Springs  are  at  present  of  commercial  importance.  The  Williamston 
Springs  were  once  a  favorite  resort. 

Mineral  springs  of  South  Carolina. 


Name  uid  location. 


I 


Ambler's  Mineral   Spring  (formerly 
Griffin*8),  7  miles  m>m   Pickens 
Coart- House,  Pickens  County. 
ArU^ianvMs: 

Citadel  Green,  Charleston,  Charles- 
ton County. 
Commercial  Cotton  Press,  Charles- 1 

ton,  Charleston  County. 
Chinolm^B    Mill.    Charleston, 
Charleston  County. 

Coosaw,  Beaufort  Coiintv 

Charleston  Old  Artesian  Well,  Charles- 
ton, Charleston  County.  ; 
Chalybeate  and  sulphur  springs,  near  i 
the  Saluda  River,  Laureus  County.    I 
Cherokee  Springs,  8  miles   north  of 


11 

a' 

I 


Spartanburg,  Spartanburg  County,    i 
Chick's     Springs,    Chick's    Springs, 
Greenville  County.  I 

Oarri'tt  Spring,  |  mile  from  Sparton- 
bnrg.  .Spartanburg  County. 


Glenn  Springs,  Glenn  Springs,  Spartan- 

Imrg  County. 
Kirby  Springs,  3  miles   fh)m  Glenn 

Sprin;:s,  Spartanburg  County. 
LirooHtone  springs,  near  Gaffney  City, 
2  miles  eaHt  of  Spartanburg,  Spartan- 
buig  County. 
Love's  Springs,  3  miles  trom  Cowpens, 

Spartanburg  County. 
Mineral  tpringa  : 

One-fuurth  mile  from  Taylor's  Sta- 
tion, near  Chick's  Springs,  Green- 
ville County. 
Three  and  one-half  miU :» from  Tay- 
lor's Station,  near  Chick's 
Springs,  Greenville  County. 
At  Cowpens  Furnace,  near  Pacolet, 


Co. 


Co. 


.'Spartanburg  County. 
At  Mineral  Springs,  Marion  Co 
At  BennettMville,  Marlborough 
At  base  of  Hem  y's  Knob.  York  Co.  I 
Sevfcn  miles  fh)m  Abbeville  Court  ' 

House.  Abbeville  County. 
Near  Parson's   Mountain.   Abbe* 

ville  Court  House,  Abbeville  Co. 
On  Saluda   River,   near  Plnson's 

Ford,  Abbeville  County. 


15,000 


200 


eo     00 


09.5 


87 


Character  of  the 
water. 


Remarks. 


Alkaline,  saline. 


^Used  on  a  small  scale  aa 
(    a  resort. 


Alkaline,  saline 


Chalybeate,  &c 


Resort. 


Snlphureted,&c  I  Resort    prior    to   1><61; 
I      used  commercially 
now. 

Chalybeate '  Has  a  local  reputation 

as  a  resort  and  is  used 
commercially  to  •  some 
extent. 
Used  commercially  and 

as  a  resort. 
Has  a  local  reputation. 

Once  nsed  as  a  resort, 
now  site  of  a  school. 


Calcic,  sulphu- 
re  ted. 


Alkaline,     car- 
bonated. 


I 


Chalybeate    ... 
Sulphareted . . . 


Chalybeate  . 


Unimproved. 
Do. 


Resort. 
Do. 


Chalybeate '  UnlmpvoTed, 


Saline,    chalyb- 
eate. 


Do. 


(207) 


Digitized  by 


Google 


80 


MINERAL   SPRINGS   OP   THE   UNITED   STATES. 


f  BULL.  IS. 


Mineral  9pring$  of  South  Carolina — Continned. 


Name  and  looation. 


Mineral  Well,  2  miles  west  of  Gaflbey 
City,  SDartanburg  Coonty. 

New  Bprmg,  8  miles  north  of  Spartan- 
burg, Spartan  iturg  County. 

Poinsett's  Spring,  Spartanbarg  County 

Be<fdy  Springs,  near  Cranesville,  Ma- 
rion County. 

Seneva  Mineral  Springs,  Seneca,  Ooo- 
neo  County. 

WeHt's  Spring,  West  Springs,  Union  Co 

Williamston  Springs,  Williamston,  An- 
derson County. 

Wilson's  Springs,  Spartanbarg  County . 


f 


^    il' 

?  5       ** 
&2 


Character  of  the 
water. 


Remarks. 


I 


eo 


:  64 


Unimproved. 


Sulphureted,  I  Has  a  local  reputaboD. 
chalybeate,  Sen 


eoo-f  . 


65 


Chalybeate . 
...do.  


Besort. 
Do. 


I 


AHaly9€8  of  mineral  Bpringt  in  South  Carolina, 


Constituents. 


Sodlnm  carbonate 

Sodium  bicarbonate    — 

Calcium  carbonate 

Calcium  bicarbonate 

Magnesium  carbonate  . . . 
Magnesium  bicarbonate  . 

Iron  carbonate 

Sodium  sulphate 

Calcium  sulphate 

Potassium  sulphate    . . . 
Magnesium  sulphate  — 

Potassium  nitrate 

Sodium  nitrate 

Sodium  chloride 

Potassium  chloride 

Magnesium  chloride    

Sodium  silicate 

Alkalies,  chlorides 

Silica 

Loss       

Organic  matter 

Iron  oxide 

Carbonic  acid 

Aluminium  oxide 

Undetermined 


Total  . 


Charleston  Artesian  Wells. 


I        Old 
,   Artesian 
!      Well. 


Citadel 
Oieen 

Well. 


Commercial 
!     Cotton 
i  Prtjss  Well. 


Chisolm's 
Mill  WeU. 


Oraint  Oraint  Grains  Oraim 

\ per  gallon.'  per  gdUon.*  i per  galUm.*  per  gotten. 

.!  ...: 47.20    ....: I  80.88 

I  71.06    

26.24    

0.12  I 


0.02 


0.84 


68.88 


Trace 


0.44 


0.17 


0.55 
11.30 


0.23 
2.52 


0.36  I 


10.62 


204.41 
1.98 


4.12 
10.21 
2.82 


Cooaaw 

Artesian 

WeU. 


Oraim 
per  gallon,^ 
80.76 


Qlenn 
Springs. 


Graint 


2.24 
0.68 


1.04 
0.80 


186.88 


4.85 
U.66 


Trace 

Trace 

0.70 

Trace 


1.73  I 


2.34 
13.17 


'I* 


6.29 
1.04 


1.82 


1.20 


1.47 


135.37  , 


64.09  , 


264.48 


214.93 


48.18 


*C.  U.  Shepherd, Jr.,  analyst  (1868). 
i*S.  T.  Robinson,  analyst  (1879). 
•William  Robertson,  analyst  (1880). 


«F.  F.  Chisolm,  analyst  (1879). 
•  C.  U.  Shepherd,  Jr.,  analyst  (1880). 
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GEORGIA. 

Ill  tjie  few  general  works  od  the  mineral  sjjriu^s  of  the  Uiiitt'd  iStates 
very  little  space  is  given  to  Georgia.  Only  Ave  or  six  localities  are 
nsaally  mentioned,  whereas  there  are  at  least  twenty-six  that  are  more 
or  less  improved  as  places  of  resort.  Janes's  Hand-Book  of  t  he  Stat«  of 
Georgia,  i)ublished  in  1876,  enumerates  twenty-three.  In  the  Manual 
of  Georgia,  1878,  the  statement  is  made  that  the  mineral  springs  of  the 
State  are  innumerable  and  in  variety  correspond  with  the  multifarious 
ores.  Our  list  includes  fifty-six,  most  of  them  chalybeate  and  sul- 
phnreted. The  best  description  of  Georgia  mineral  springs  is  found  in 
the  pamphlet  by  Dr.  J.  R.  Duggan,  published  at  Macon  in  1881.  It 
is  confined  for  the  most  part  to  the  improved  springs  and  describes 
altogether  twenty  eight.  The  greater  part  of  the  analyses  given  in 
the  tables  are  derived  from  this  pamphlet. 

Mineral  springs  of  Georgia, 


ITame  and  location. 

1 

1 
1 

Flow  in  gallons  per 
hour. 

Character^of  the  ,           Remarks. 

Angier's  liineral  Springs,  Athmta, 

Folton  Connl^. 
Atlanta    Mineral    Spring,   Atlanta, 

Fnlton  Coanty. 
Beall  Spring,  8  miles  south  of  War- 

ronton,  Warren  Coanty. 
BAth<ifldii  Spring,  Lumpkin  County . . 

o 
15     

Carbureted,    Besort. 

chalybeate. 
Sulphuroted,         Tin. 

eo    

chalybeate. 
..  do 

SaJine  ".!..."* 

Sulphnreted, 
.   chalybeate. 
Chalybeate 

Do. 

Bowden  Lithia  Springs,  17  miles  from 

Atlanta,  Fulton  County. 
CamD*B     SDrins.     Atlanta.     Fnlton 

Do. 

Coontv. 
Cannon's    Spring,    Toomsboronsh,  '      i 

Unimproved  at  pres- 
ent. 

WilkinsonXJouitv. 

Catalytic  Springs,  {  mile  from  Cata- 
lytic* 

Catoosa  Springs,  near  Binggold,  Ca- 
toosa County. 

Chalybeate     Springs,     Chalybeate 

Springs,  Meriwether  County. 
Claremonde      Chalybeate     Spring, 

Warthen,  Washington  County. 
Cohatta  Springs,  Cohutta  Spiings, 

Murray  County. 
Daniel  Mineral  Spring,  Union  Point, 

Greene     County,    near    Athens, 

Clarke  County. 
Dougherty's  Springs,  Polk  County  . . 

62 

3 

1 
10 

1 

1.600+ 

1 
62f 

Saline,     calcic, 
ohalyboate, 
sulphnreted, 
&c. 

Sulphnreted, 

Carbonated, 

chalybeate. 
Chalybeate?  .... 

Besort  and  Is  begin- 
ning  to  be  used  oouip 
mercially  to  some 
extent. 

Resort. 

300 
80 

Do. 

62 

and  as  a  resort 

Everett's  Springs,  Everett's  Springs, 

Floyd  County. 
Ferroliihic  Spring,  Athens.  Clarke 

County. 
Franklin   Springs,   near    Boyston, 

Franklin  Coanty. 
FuUwood  Springs,  near  Lime  Branch, 

Chalybeate 

...do 

Local  resort. 

8 

7 
1+ 

150 

60 

Besort. 

...do 

Unimproved. 
Local  resoiti 

Polk  County. 
Garnet  Springs,  near  Toocoa  FaUs, 

Glenn's  Spiicg,  Barly  County  . 

Saline,  chalybe- 
ate. 

Glen  Blla  Springs,  TaUukS  Falls, 
TaUnlah,  Babun  County. 

I  Taken  tnm  Pepper's  Hal    Hare  been  mable  to  verity  looatton. 


Ball.  32 6 
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Mimeral  springe  of  Oeor^— Continued. 


IfMDe  and  loeation. 


Gordon  Springs,   Ctoidon   Springs, 

WhitfleUl  Coonty. 
Gower't  Spring,   OftlnesviUe,  Hall 

Connty. 

Heard's  Spring,  Wilkes  Connty 

Helicon    Springs,    Athens,    Clarke 

Connty. 
Indian    Springs,    Indian    Springs, 

Butts  Connty. 
Lawrence    Mineral    Springs,    near 

Menlo,  Chattooga  Connty. 
Leggs  Springs,  near  JefTerson,  Jack- 
son Connty. 
LifBey's  Warm  Spring,  5  miles  sonth 

of  Zehnlon,  Pike  CH>anty. 
Madison  Spring,  Madison  Springs, 

Madison  County. 
Magnesia  Spring,   TaUulah    Falls, 

'uillnlah,  Babnn  Connty. 
Magnolia  Spring,  Plains  of   Dura, 

Somter  County. 
Mineral  Springs  6  miles  southwest 

of  Kewnan,  Coweta  Connty. 
Mineral  tmingi : 

Near  Toocoa.  Habersham  Connty . 

At  Clarkesville,  Habersham  Co.. 

Nine  miles  fh>m  Dablonega,  on 

Cleveland  road,  Lumpkin  Co. 

Mount  Airy  Springs.  Mount  Airy, 

Habersham  County. 
New  Holland  Springs,  2  miles  east  of 

GainesTllle,  Hall  Connty. 
Oconee  Chalybeate  Springs,  10  miles 

from  Eatonton,  Pntnam  Connty. 
Ooonee  White  Sulphur  Spnog,  liow- 

dre  (6  miles  from  Gainesville),  HaU 

Coonty. 
Ponce  de  Leon  Spring,  Atlanta,  Ful- 
ton Connty. 
Porter    Springs,    Porter    Springs, 

Lumpkin  County. 
Powder   Springs,  Powder  Springs, 

Cobb  County, 
fled  Sulphnr  Springs,  Walker  Connty . 
Rowland  Springs,  Cartersville,  Bar- 
»  tow  Coonty. 

Springfield  Spring,  Effingham  County . 
8wphwr9pringi: 

At  TaUulah  FsUs,  Tallulah,  Ra- 
bun County. 

InHallCounty 

In  Meriwether  County.  

3h 


100 

4 


eo 

400 


600 


8,000 


I 


Character  of  the 
water. 


Bemarka. 


64 
OOff 


74 


Chalybeate Unimproved,      bat 

onoear ^ 

...do I  Beeort. 


Do. 


Chalybeate I  UnimproTSd. 

Sulphureted,  sa- 1  Resort 

Une. 
Chalybeate ,  Used  looaUy. 


..do. 


Chalybeate . 


Sulphureted, 

chalybeate. 
Sulphureted,  iui 


Chalybeate  . 
...do 


.do. 


1,200-fl  &5te70f     Calcic 

Chalybeate    . 

Sulphureted . 


Do. 
Besort. 


Once  used  as  a  re- 
sort. 


Local  reaort. 

Once  a  reaoit,  bat 
now  unimproved. 


Besort. 

Has  a 
I  tlon. 
I  Besort 


local  r^uts- 


100 


800f     68to70 


66    I  Chalybeate  .  Used    oonunerciallj 

and  as  a  reaort 
Chalybeate,  Ac.   Besort 


150 


58      Sulphureted,    Local 
chalybeate. 


84.000 

76 

1,200 


70to00 


66 


Sulphureted, , 
chalybeate 


Sulphureted  and  I 
chalvbeate.      i 

Sulpnureted, 
chalvbeate 

Sulphureted. 
saline,  anal 
chalybeate.      i 


Unimprovad. 
I  Besort. 
Local  reaort. 


Besort. 
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-  Analy9e8  of  mineral  springs  in  Georgia. 


i 

1 

Camp's 
Spring. 

ConatitQeata. 

Angler'a    Atlanta 
Mineral     Mineral 
Springs.     Spring. 

No.  0. 

White 
Sulphur 
Spring. 

No.  10. 
Bnflklo 
Spring. 

No.l. 

AH- 
Healing 
Spring. 

No.  2. 

Bed 

Sweet 

Spring. 

Solids. 
Rodinm  narlxniAte 

Oraint 
psrgaU.* 

Grains 
psrgaH'^ 

psrgatL 

Oroifw 

0.11 
8.85 
a40 
0.04 
Trace 
0.02 

Oroiffw 

0.01 
8.85 
8.70 

ao4 

Trace 
0.02 

Ortiims 

''?§• 

0.10 
8.52 
7.02 
0.04 
Trace 
0.01 

Groins 

0.11 

C*]dixin  ot^rboiMte     . 

Trace 

0.80 

8196 

7.94 

Strovt^m  CATbooate .  - .  r , . . . . 

0.06 

Lithinm  carbonate 

Trace 

0.05 
0.01 

0.02 

0.28 

0.27 

0.18 

0.14 

Iron  protocArbonato 

2.08 
a86 

Iron  aeaqnicarbonate 

Sodium  anlphate    

1.07 
2.82 
44.81 
82.01 
2.47 
0.20 
0.82 
0.10 
0.14 

1.67 
2.81 
4&00 
88.02 
2.88 
0.29 
0.08 
0.91 
0.11 

1.50 
2.20 
8&84 
26u54 
0.50 
0.20 
a  42 
0.12 
0.18 

1.70 

}'nt«iainin  nnlnhatc   

2.49 

nalAlnm  aiiliih&iA                   

^6 

Trace 

48.86 

Maimeainm  aalnbate 

29.96 

Aln-minlnm  niilpbate    ,.-.,... 

0.66 

Strontiom  aolpnate 

n 

Caldom  nitrate 

A  nmrMniinn  nitrate- r ..„ 

'tlir 

SAHIpm  Al>1nri<1« 

4.0              2.6 
9.0              4.0 

Tl«AA 

0.18 
0.12 

MiQ'li 

Caldnm  chloride 

..^nf-rll 

Iron  sulphide     

CalciTtm  fluoride 

6.oi 

0.81 
0.14 

0.01 
0.88 
0.15 

0.02 
0.80 
1.21   i 

'""^  liijiii' 

Hasneainni  bromide 

r4ilHam  bromide 

Iron  aeaqnioxide  (hydrated) . . 
Sodiom  dlicate. 

12.6 

ia6 

1  «•«{ 

■<fir 

Oalcinm  silicate 

'  "'0.*12 
0.01 

"o.i8"" 

0.01 

Trace 

Trace 

Sulphuric  acid  (tne) 

(h^oacid  ../. '. 

1     0.02 

Apocrenic  acid                 .  . 

0.02 

■"""'*" 

-1 

Total  

24.0    1        17.0 

8.44 

07.60 

99.27 

.Wrl^vn 

It  Glutei J«y 

Gasss. 
Carbonic  add 

Oub.ins. 
Preaeot 

Oh5.<m. 

Oub.ins. 
2.10 
0.47 

Oub.ins. 
0.56 
0.06 

Oub.ins. 
9.78 

Oub.ins. 
1.17 

0¥b.in». 
1.16 

Hydrosen  solphlde 

Total 

2.60 

aoi 

9L78 

L17 

1.16 

•  Wm.  J.  Land^aDalyst 


k  With  ealdum  aarbonate  and  iron  solplMte. 

(211) 


Digitized  by 


Google 


84 


MINERAL    SPRINGS   OP   THE   UNITED   STATES. 
Andlyaw  of  mineral  springs  in  Georgia — Continued. 


[BULL.  32. 


CoDAtitaentft. 


Sodium  carbonate  — 
Potaasiam  oaibonate . . 
Oslciam  carbonate  — 
Magneeium  carbonate . 
StTontium  carbonate  . . 
]Lithiam  carbonate .... 
Manganese  carbonate  . 

Iron  carbonate 

Iron  protocarbonate ... 
Iron  aeequicarbonate. . 

Sodinm  snlphato 

Potassium  sulphate  . . . 

Calcium  sulphate 

Magnesium  sulphate . . 
Aluminium  sulphate . . 
Strontium snlpnate  ... 

Calcium  nitrate 

Ammonium  nitrate — 

Sodlom  chloride 

«Qica 

Calcium  fluoride 

Magneeium  bromide. . . 

Calcium  bromide 

Sulphuric  acid 

Caroonic  acid 

Crenicaoid 

Apocrenic  acid 


.ot«l. 


OatM. 


Carbonic  aoid 

Hydiog«n  sulphide. 


Catoosa  Springs. 


L 


No.  4.    I    x-rt  9 


Qrair^ 
pergaiL* 
0.26 
0.11 
8.76 
7.48 
0.04 
Trace 
0.01 
0.19 


Oraint 

0.11 
3.76 
7.52 
0.04 
Trace 
0.02 
0.15 


No.  5, 
Magne- 

Spring. 


No.  6. 
Congress 
Spring. 


No.  7. 
Alum 
Spring. 


Oraitu  ,    OrcUnt 
P^r  gall.- ^  per g<i^- 


No.  8. 

Black 

Sulphur 

Spring. 


Cbslyb^ 

eate 
Springs. 


1.59 
2.30 
41.56 
27.90 
0.67 
0.20 
0.37 
0.11 
0.14 


0.02 
0.30 
0.12 
0.01 


1.60 
1.60 
41.58 
28.40 
2.36 
0.22 
0.41 
0.12 
0.13 


0.25 
0.12 
3.84 
&10 
0.04 
Trace 
0.02 
0.17 


0.02 


0.02 
0.31 
0.18 
0.01 
4.40 

0.02 


87. 15        08. 18 


Ou6.  <M. 
9L18 


1.87 
2.32 
41.57 
28.02 
0.69 
0.22 
0.40 
0.13 
0.16 


0.02 
0.81 
0.13 
0.01 
4.30 

0.02 


0.10 
8.51 
7.02 
0.04 
Trace 
0.01 
0.14 


€hrain* 
pergaXL- 
0.26 
0.18 
8.75 
6.94 
0.04 
Trace 
0.14 
0.16 


1.50 
2.81 
8&85 
26.65 
0.52 
0.20 
0.43 
0.09 
0.13 


1.51 
2.42 
40.80 
2a  97 
1.10 
0.21 
0.85 
0.10 
a  13 


1.51 


0.02 
0.81 
1.11 
0.01 
4.39 

0.02 


0.02 
0.81 
0.12 
0.01 
4.51 

0.01 


QrwM 

ptrgaXL* 

6.26 

ail 

8.84 

7.50 

0.04 

Trace 

Trace 

0.18 


QrvtiiM 
ptrgaSL*^ 


&7e 


1.59 
2.82 
40.96 
28.01 
1.42 
0.10 
0.87 
1.01 
0.14 


0.6S 
0.17 
0.13 
0.3S 


043 


87.52 


0L99 


0.02 
0.29 
0.18 
0.12 
4.50 


ao3 

2.83 


u,^ 


03.06    I 


5.30 


&56 

Traw 


»  Wm.  J.  Land,  anab^ 
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Daniel 
Mineral 
Spring. 

Franklin 
Springs. 

Helicon 
Springs. 

;  Powder 
Indian  Springs.     *  Springs 

Warm 
Sprinipi. 

SoUds. 
Sodinm  cwbonate 

Chrrnnt 
p«rg<M.^ 

Groint 

0.56 
0.88 
1.04 

QrQintp«r 
imp,gaU.* 

OnUnt 
pergatt.' 

Oratnt 
pergaU.* 

Graint 
ptrgalL- 

Graint 
pergaU.' 

Calcium  carbonate 

Magnedom carbonate  .... 
Iron  carbonate 

a4i' 

8.00 
0.13 
0.10 
a22 
0.07 
Trace 
0.17 

16.17 

1&86 

2.88 
0.06 

ao6 

26.82 

^Aflinin  vnlpb^te 

86.08 
6.82 

'"'47.07 

26.10 

558.70 

Potaesinm  talphate 

27.32 

67.22 

672.22 

ao6 

0.02 

ia54 

M aj^eeinm  eniphate 

Sodinm  c^loiS^e 

0.86 

a68 

Alkaline  chloride* 

0.62 
0.05 

Alkaline  snlphidee 

0.04 

OlAimn  ATlff^ 

37.12" 

Ifagneeiam  oxide 

03.44 

Abimin1*im  oxld^  , 

\  >•«{ 

0.05 

Iron  oxide 

If  aniranene  . . . 

Trace 
0.81 

8aicf..7: 

1.15 

j     0.50| 

Silioates 

Organic  matter 

1.36 

6.08 

0.11 



Total  .. 

10&61 

4.12 

7.71 

64&08 

672.62    ,      21.86 

156.88 

G€un. 
Carbonic  acid 

Oub,int. 

OfibAnt. 
2.850 

0.201 

Ofib.  int. 
6.07 

Oub.int, 
2.61 

1.05 

€M>.int. 

Undeter- 
mined. 
7.02 

Undeter- 
mined. 

Cub,  int. 

&8S 

Snlphnreted  hydrogen 

75.00 
C      ... 

L'ge  ami 

Oxygen  

8.12 
10.j>8 

Nitrogen | 

{::   :: 

•H. C.White,  analyst. 

^H. C.White,  analyst  (1882). 

•A.  A.  Hayes,  analyst  (1857). 


d  John  Getting,  analyst  (1830). 
•A.  Means,  analyst. 


FLORIDA. 

The  springs  of  Florida  are  remarkable  for  their  great  size  rather 
than  for  the  quantity  of  mineral  matter  they  contain.  Some  of  the 
streams  proceeding  fropn  them  are  large  enongh  to  float  steamboats.. 
Very  few  of  the  waters  have  been  analyzed,  but  so  far  as  known,  when 
mineralized^  sulphureted  hydrogen  characterizes  the  majority  of  them. 
Little  has  been  published  and  definite  information  is  difficult  to  ob- 
tain. Most  of  the  springs  in  the  southern  and  eastern  portions  of  the 
State  would  be  classified  as  weak  sulphur  springs.  In  the  northeast- 
ern portion  of  the  State  the  waters  appear  to  be  more  frequently  cha 
lybeate.  Most  of  the  springs  of  which  the  temperatures  are  given  are 
probably  thermal,  as  they  doubtless  exceed  the  mean  annual  tempera- 
ture of  their  localities.  The  mean  annual  temperature  of  Saiut  Mark's,, 
as  given  by  the  Signal  Office,  is  6603  F.;  Jacksonville,  69o  2  F.;  Pen- 
sacola,  680.5  F.;  and  Cedar  Keys,  71^  F.;  while  Punta  Rassa  has  73o  G 
P.  and  Key  West  77.o5  P.  The  temperatures  of  the  Florida  springs 
are  remarkably  uniform  summer  and  winter.  They  are  utilized  mainly 
88  winter  resorts,  and,  so  far  as  learned,  none  of  the  waters  is  on  sale. 
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Mineral  aprirgs  of  Florida, 


Name  and  locatiou. 


■ 

§ . 
s 

I 


Character  of  the 
water. 


1 


Benson's  Salt  Springe.  Enterprise,  Volnaia     1 

County. 
Blue  SpriufT,  Orange  City,  Volnsia  Connty     1 

Blue  Spring,  Greenwood.  Jnokson  County 
Blue    Spring,    near    EllaWlle,    Madison 

Connty. 
Bug  Sprine,  7  miles  eaat  of  Snmterrille, 

Sumter  County. 
Clay  Spring,  near  Apopka,  Orange  County. 
Crystal    River   Springs,  Crystal    Biver, 

Hernando  Conntv. 
De  Barry  Mineral  Spring,  Enterprise,  To- 

lusi&  Connty. 
Green  Cove  Spring,  Green  Cove  Springs, 

Clay  Connty. 

Hampton  Springs.  Taylor  Connty 

Hoosier  Spring,  near  Altamonte  Station,  [ . . 

Orange  Connty.  \ 

Henson  Sprin?,  Enteiprlse,  Yolusia  Connty 
Linwood  Springs,  Monnt  Royal,  Pntnam  I  8 

Connty.  ' 

Magnesia   Spring,  near  Hawthorn,  Ala-  ,  . 

chua  County. 
Mifieral  gprififfg :  \ 

Near  Ancilla,  Madison  County , 

Near  Perry,  Taylor  Connty    ....  .   . .  '  . 

Near  Lo4>Bburg,  Snrater  County 

Moncrief  Spring,  .*»  roiled  from  Jackson- 
ville, Duval  Conntv. 
Mount  Royal  SpriugH,  Volusia  County 
Newport    Snlpbur    Springs,  uear   Saint 

Mark's.  VVaknlla  County. 
Orange  Spring   Orange  Springs,   Manon 

County. 
Rock  Spring,  6  miles  north  of  Apopka, 

Oranue  Counly. 

Salt  SprincH.  Marion  County. 

Silver    Spring.  Silver    Springs,    Marion 

County. 
Stevenson's    Sulphnr    Springs,    Anolote 

River,  12  miles  fVom  mouth,  Hemnndo 

County. 
Sulphur  gpringt : 

Near  Sumterville,  Sumter  Connty .... 
On  Withlacoochee  River.  10  miles  ftom 

Crystal  River,  Hernando  County. 
Near  Adamsville,  Sumter  County .   . . 
Near  Tampa.  Hillsborongh  Connty. . . 
Sumterville  M!^[net-ul  Spring,  near  Sumter- 
ville, Sumter  County. 
Suwannee  Springs.  Suwannee.  Suwannee 

Connty. 
Tarpon   Springs,  Tarpon  Springs,  Hills- 
borongh County. 
Turner  Spring,  Holmes,  Holnie»  Count v .. . 
Wakulla   Spring.  Wakulla  Spring,   Wa- 

knlla  County. 
Warm  Spring,  near  Sumterville,  Sumter 

County. 
Wesson's  Iron  Spring,  Smiles  ftom  White 

Springs,  Hamilton  County. 
White  Sulphur  Spring,  White  Springs, 

Hamilton  Connty. 


500  I 
78,920  { 


8,000 


00 


78 


Snlpho-saline . 
Solphureted  . 


Caloic 


Sulphnreted . 


Bnlphnretdd . 
...do 


Sulphnreted . . 


74i  ;  Alkaline,  saline, 
and  carbonated. 


1     5, 059. 000 


148,000 


2+ 


|3 
1l' 


72     

70      

70    I  Chalybeate  and 
sulphureted. 

73  I  Saline,   sulphn- 

reted. 
Sulphureted  — 


60      Saline 


7,500 
1,200.000 


70 


70 


Remarks. 


Resort. 

Unimproved,    bat 

nsed  locally. 
Local  resort. 


Resort. 


Sulphnreted 


Calcic 

...do 

Chalybeate . . 
Sulphureted . 


Do. 
Do. 

UsedloeaUy. 
UnimproYed. 

Do. 


RMort. 

Do. 

Do. 
Do. 

XTnimproTed. 

Resort. 

Do. 
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C«»tlt„en.^                   :      l^^ 

White  Sulphur 
Spring. 

Wesson's  Iron 
Spring. 

Benson's  Salt 
Spring. 

OroMU 
pergaUon.^ 
Sodium  carbonate •         _ .   _  - 

Parti  in 
1,000.000.^ 
20.91 

Qraitns       i        Qrain»  ^ 

Sodium  bicarbonate 

8.61 

Calcium  car1>onatA      

80.90 

0.28 

Calcium  bicaTbonate 

9.88 

iFon  oarbonatft 

L08 

Iron  bicarbonate 

8.00 
92.80 
07.20 

Sodium  tulphatf) .   r 

i.... 

2&63 

2.45                       5.88 

2.68                      2&84 

FoUiAainm  sululiatfe........ 

2.44 

&90 

28&24 

SotHum  cbloride 

Potansiiim  chloride .........^ 

118.00 

11.28 
11.82 

0.18 
0.12 

Maipiesium  chloride   

Calcium  chloride    

Phoanhoric  add    

24.80 
42.40 

11.90 
40.58 
Trace 

Trace' 



Sodium  iodide 

Trace 

Lithium  and  ammonia                    ... 

Trace  ' 

Organic  -^.atter       ..... 

14.40 

21.82 

}       i-«{i::::::::::::.::: 

Lois 

Silica               

Trace 

14.40 

Present 
L40 

1.56 


Silica  soluble 

1.27 

Sulphureted  hydrogen      

Iron  oxide     

Not  estimated 
{                  0.43 

AInmina  oxide 

Total 

824.80 

^    186.61  i                   10.45                     350.28 

•A.  Connell,  analyst  n876). 
I*  N.  A.  Pratt,  analyst. 


«A.  BierHll,  analyst. 

'Charles  M.  Stillwell.  analyst  (1880). 


SOUTHERN  CENTRAL  STATES. 

In  the  Southern  Gentral  States  sulphureted  and  chalybeate  springs 
hold  about  the  same  proportion  to  the  whole  number  of  springs  as  in 
the  South  Atlantic  States.  The  number  of  saline  Hprings,  however,  is 
increased  and  the  thermal  springs  naturally  are  fewer  in  number?  A 
large  part  of  the  area  of  this  division  is  occupied  by  comparatively 
recent  formations;  yet,  in  the  northeastern  part  and  in  the  western, 
carboniferous  rocks,  with  the  underlying  sedimentaries^  are  well  de- 
veloped, and  these  rocks  are  almost  always  prolific  in  mineral  springs. 
The  Hot  Springs  of  Arkansas  are  the  most  prominent  of  the  thermal 
springs.  It  must  be  stated  here  that  the  returns  from  the  various 
States,  in  answer  to  the  questions  sent  out,  are  very  unequal  both  as  to 
the  extent  and  the  exactness  of  the  information  conveyed.  In  some 
States  (as  Kentucky,  Tennessee,  Alabama,  and  Arkansas)  the  geo- 
logical surveys  of  the  State  appear  to  have  paid  considerable  attention 
to  the  subject,  and  the  general  public  attention  has  therefore  been 
turned  more  to  the  subject  and  data  are  more  readily  obtained. 

In  Mississippi  and  especially  in  Louisiana  it  has  been  more  difficult 
to  get  delinite  information.  No  geological  surveys  of  these  States  have 
been  made  very  recently.  Both  States,  however,  have  many  springs  of 
excellent  mineral  water. 

Texas  is  being  so  rapidly  developed  as  to  its  resources  and  so  many 
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porrioDH  of  the  State  are  being  newly  settled  that  our  list  for  that  State 
will  doubtless  be  considerably  increased  in  the  near  future. 

In  regard  to  the  springs  utilized  as  places  of  resort  and  for  comDier- 
cial  purposes,  the  Southern  Central  States  compare  favorably  with  the 
Southern  Atlantic  States. 


Summary  for  the  Sottthem  Central  States. 


States. 

Number  of 
spring  lo- 
calities. 

Number  of 
indlTldual 
springs. 

220 
110 
311 
206 

Number  of 
springs 
analysed. 

Number  of  Number  of    rr«**i«.— . 
nuliiSontU.     >PriD(;»<>d    '^^™; 
ized   as   re-      commercial*      Iw.!! 
sort*                ly.                      "^y"*- 

Alabama 

82 
82 

177 
142 
108 

18  1                   S2  '                     a  :                lA 

lliaeiMippi 

Tennessee 

Kentacky 

Arkannan 

4 
24 
73 

ft 

13                         4 

62                         8 
21  1                        6 
24                          4 
1                          0 
6                          0 

5 

Indian  Territory.. 
Loalffiana 

10                      15                       0 

15                      28                       0 

105                   472                     13 

0 
0 

Texas  

26                          8  '                   13 

Total 

721                 1.011                    187  1                     174                         88 

146 

1 

ALABAMA. 

Although  but  few  of  the  Alabama  mineral  waters  are  used  commer- 
cially, there  are  many  springs  that  are  important  a«  places  of  resort^ 
and  several  are  quite  well  known  throughout  the  country  at  large, 
Bladen  Spriue:s,  Bailey  Springs,  and  Blount  Springs  are  the  ones  gen- 
erally noted  in  the  books.  The  following  list  is  made  up  partly  from 
data  contained  in  the  geological  reports  of  M.  Tuomey  audof  Eugene 
A.  Smith,  but  a  great  many  localities  have  been  added  as  the  result  of 
correspondence  with  ]>ersons  in  all  parts  of  the  State.  Chalybeate  and 
sulphureted  springs  are  most  numerous  and  are  not  confined  to  any 
portion  of  ilie  State  nor  to  one  geological  formation.  Two  of  the  best 
known  sulphur  springs  —  Bladon  and  Tallahatta  —  rise  In  the  Tertiary, 
while  Blount  Springs,  equally  well  known,  and  also  sulphureted,  are  in 
the  Coal  Measures.  Sulphur  springs  also  abound  in  the  northern  conn- 
ties,  whose  rocks  belong  to  the  Subcarboniferous  limestones.  Artesian 
wells  are  said  to  be  numerous  in  the  region  underlaid  by  the  rotten  lime- 
stone of  the  Cretaceous.  Such  wells  are  usually  highly  charged  with 
salts  of  iron,  lime,  magnesia,  and  soda.  Comparatively  few  of  the  Ala 
baina  springs  have  been  analyzed.  The  analyses  presented  here  have 
been  taken  from  various  sources.  Thanks  are  due  to  Prof.  W.  C.  Stubbs, 
State  chemist,  who  has  furnished  many  of  them. 
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Mimeral  9pHmg9  of  Alabama, 


Name  and  looatloii. 


i 


BifleT  SinlagB,  Bailey  ttpringa,  Lm- 

d«i^ale  Coonty. 
Bbdon  Springa,   Bladen    Spriagm 

Cboetaw  County. 

Btoaot  Spring,  nesr  Btgbee,  Wash- 

iagtoin  County. 
BlooBt   Mineral    Springs,    Blinmt 

Springs,  Blovmt  County. 
Bhie  Grsas  Snlpbnr  Springs,  Cor- 

seUa,  Saint  Clair  Connty. 
Borden    Springs.    Borden   Springs, 

CWbame  County. 
Bowi0  Springs,  near  Talladega,  Tal- 
ladega Coottty. 
BnnUnc  Spring,  Washington  Goonty  ■ 
Boiler  Springs,  Batler  Springs,  Bai- 
ler Coonty. 
CarmoD'ft  Spring,  near  Fayette  Coort- 

Hoiue,  Fayette  County. 
(AahrdMtc  tpriruu: 

NearAkr  n  Junction,  Hale  Co  ... 
Xear  Claiborne,  Monroe  County. . 
Six  miles  southwest  of  Qreen 

Spritigs.  Hale  Connty. 
Near    Gum     Spring.    Blount 

County. 
Six  miles  north  of  JaoksouTllle, 

Calhoun  County. 
Near  Jasper,  Walker  County  — 
On    Sand     Mountain,    Jackson 
County. 
Cfasadler's       Springs.       Chandler  i 

Springs,  Talladega  Connty. 
Clin  Springs,  8  miles  northwest  of  ' 

Ashrille,  Saiqt  Clair  Coonty. 
CofliBe  Spring.  Coffee  Springs,  Ge-  ' 

D6TS  Connty. 
Cook's  Springs,  20  miles  southwest  of 
Ashnile.  or   5   miles  from   Wolf 
Creek.  Saint  Clair  County. 
CoUum's    Springs,    near    Bladen  , 
Springs,  Choctaw  Connty. 

Daris  Springs,  near  Elkroont,  Lime- 

stooe  Cnnutv.  I 

Dr.  Davids  Spring.  Walker  County. . 
EUisR  Spring,  near  Pride's  Station, 

Colbert  Coaaty. 
Fnoklin  Sprinjss.  near  RusseUville, 

Franklin  County. 
Golden  Sprinirs,  near  Oxford,  Cal- 
houn County. 
Oreeoe  Springs.  Green  Springs,  Hale 

Connty. 
Hart  ell  or  Chalybeate  Springs,  near 

Blount  Springs,  Blunnt  Coonty. 
Healing  Sprinss,  Healing  Springs, 

WaHbinffton  Conntv. 
Howrll'fl  Sprin  ,  80  miles  south  of  ' 

Wat4>rloi>.  Laudeidale  County. 
Jackson   Springs.  Jsckson.  Clatke 

Coimtr. 
Jenktne*N   Spring",   near  Mountain  ! 

Meadow.  Chiv  Connty. 
Johnson's  Wells,  near  IkferidiauTille, 

Madi<ion  CoantT. 
Isnaford    Spring,    near    Florence, 

Lsnderdale  County. 


7 
6 

1 
6 

80+ 


i 
L 


I 


I  Character  of  the 
water. 


0 
1,350 


800 


600 


20 


66  to  00 
67 


60 


60  to  66 


Chalybeate 

Carbonated,  al- 
kaline, ann  snl- 
phnreted. 

Sulphurated . . . 

Saline,   aulphn- 

reted. 
Solphuretedand 

chalybeate. 


Remarka 


Chalybeate..'.. 


Chalybeate . 

|....do 

!....do 


do. 


•I 


Chalybeate  and 
snlphnrered. 


Chalybeate . 
...do 


Used  commercially 
and  as  a  resort. 
Bo. 


Unimproved. 
Resort. 

I>o. 
Unlmprored. 

Do. 

Used  as  a  resort. 
Unimproved. 

Do. 

Do. 

Do. 

Do. 

Do. 
Do. 

;  Used  as  a  resort. 


I  Chalvbeate  and  i 
sulphureted.     ; 
;  Sulphareted  and ' 
I      cnalybeate. 


Do. 


60     Saline,  chslybe- 
,      ate,  and  sul- 
phureted. 


3,100 


68  to  64 

68 
62to65  i 


Chalybeate  .... 
...AS 

Saline,  chalybe- 
ate. ; 
Saline  I 

Chslybeste  . 

....do    ...     . 


UmmI    commercially 
and  AS  R  resort. 

Unimproved. 

Do. 
Faed  locally. 


, 

Sulphureted    .. 
....do 

1 

8  i 

Chalybeate  .... 

i 

Saline 

1 

Unimproved. 

Onci*  nsed  as  a  iv> 

sort. 
Partially  Improved. 

Used    commercially 
and  aa  a  resort. 


Used  locally. 


Do. 
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Min^al  9pring»  of  Alabama —  Continued, 


[BULktt 


Lay's  Springs,  6  miles  east  of  Green- 
wood, Etowah  Coanty. 
Lee's  Spring,  near  Florenoe,  Lander- 

dale  Oonnty. 
Ligon's  Springs,  Colbert  Ck>.,  5  miles 

from  RnssellTille. 
Livingston  Artesian  Well  Living- 
ston, Samtor  County. 
Major  Shever  Solphnr  Springs,  near 

•Jasper,  Walker  Coonly. 
McCorkle's  Spring,  12  miles  north 
of  Waterloo.  Lauderdale  Coanty. 
liilhonr  (or  Wooley's)  Springs,  Wool- 

ey  Springs,  Limestone  Coanty. 
Mintral  tminai : 

Near  Hatchers,  Clay  Coanty  — 
Near  Hazel  Green,  Madison  Co. . 
Six  miles  south  of  State  line,  Lime- 
stone Coanty. 
Near  La  Fayette,  Chambexe  Co. . 
Near  Saint  Stephens,  Washing- 
ton County. 
Near    Village    Springs,  Blonnt 

Coanty. 

At  Broken  Arrow,  Saint  Clair  Co. 

Near  Pisgab,  Jackson  Coanty  . . . 

One  mile  from  Coosada  Station, 

Elmore  Coanty. 

Moore's  Springs.  Maple  Creek,  near 

Athens,  Limestone  Coanty. 
Newsom's  Springs,  9  miles  south  of 

Barton,  Celbert  County. 
Pettasville     Springs,     Tettnsville, 

Limestone  Count  v. 
Roi)er   Mineral   Wells,  Greenville, 

liutler  County. 
Sltelby  Springs,  near  Knight,  Shelby 

County. 
Shocco  Springs,  near  Talladega,  Tal- 
ladega County. 
Speakses    Springs,    near    Bulger's 

Mill,  Tallapoosa  Coanty. 
Stephenson's  Springs,    near  Camp 

Spring,  Lawrence  County. 
Stewart's  Springs,    near   Florence, 

Lauderdale  Coanty. 
Sullivan's    Mineral    Springs,    near 

Bigbee,  Washington  Coanty. 
Sulphur  iprinat : 

One  mile  m>m  Frankfort,  Frank- 
lin County. 
Near  Bmner,  Calhon  County  — 
Eleven  miles  from  Ashville,  St 

Clair  County. 
Four  miles  from  Springville,  St. 

Clair  County. 
Seven  miles  east  of  Stevenson, 

Jackson  County. 
On  Sulphur  Creek,  near  Athens, 
Limestone  Count  v. 
Sulphur  Springs,  Sulphur  Springs, 

De  Kalb  County. 
Talladega    .Sulphur     Spring,    near 

Favetteville,  Talladega  County. 
Tallahatta      Springs,       TalUhatta 

Springs,  Clarke  County. 
Tar  Spring.  9  miles  south  of  Oak- 

ville,  Lawrenot^  Coanty. 
Tar  Springs,  8  miles  south  of  Dick- 
son. Col^rt  Coanty. 


76+ 


80 


24 


47  to  61 


Character  of  the  ' 
water. 


Remarka. 


Chalybeate  and 
■onihnreted. 


SaUne 

Snlphnreted . 
Chalybeate.. 
Solphnreted . 


.do. 
do. 
do. 


Sulphnreted . 


Chalybeate  and 
sulphareted. 


Saline 

Chalybeate 


Sulphareted 


Has  a  looal  iwota- 
tionaarteori 

Bew>rt 

Onoe  had  a  loosl  Ttp- 
ntatlon. 

Isareaort. 


T7nimpT0Ted.t 
DoTf 
I>o.f 

Da 
Doi 

Do. 


Do.! 
Do. 


Once  a  resort 
Unimproved. 
Used  oommerdally. 
Resort 


Once  a  resort,  bot 
now  nnimproved. 

A  resort  prior  to  the 
war. 

Has  local  repata 
tion. 

Local  resort 


Unimproved. 

Do. 
Resort. 


Local  reeort. 
Resort. 
Do. 
(Jnimprovsd  ? 
Local reaort 
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Mineral  springs  of  Alabama — Continued. 


Name  and  looation. 

ence,  near  Centre  Star,  Landerdale 
Coanty. 
Tecomaeh  SiUphor  and  Chalybeate 
Sprinp,      TeoMmseh,      Cherokee 

Todd  Spring,  near  Bailey  Springs, 

Springs,  Morgan  Coanty. 
WateriM  Mineral  Spring,    1   mile 

firom  Waterloo!  Landerdde  County. 
West's    Mineral    Spring,     Walker 

Coonty. 
White  Solpbar  Springs,  near  Blk- 

mont,  Limestone  Coanty. 
White  Solphar  Springs,  6  miles  east 

of  Jacksonville,  CaShoan  Coanty. 

Wyndham  Springs,  near  Oregonla, 

1 

1 
1 

5        ,  Character  of  the 
-g                  water. 

H 

Bemarka. 

4 

89 

o 

Alkaline 

UnimproTed. 
Do. 

Besori. 

Chalybeatoff.... 
....do 

Used  locally. 

Unimptoyedt 
Dob 

21 

Chalvbeateand 
sn^horeted. 

Used  eommeroiaUy 

and  as  a  local  re- 
sort 

Ohalvbeateand 

Onoea  resort 
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MINERAL    SPRINGS   OF   THE   UNITED   STATES. 
Analytet  of  mineral  9pring9  in  Alahama, 


[BULL.  82: 


Viohy  Spring. 

'  Bladon  Springs. 

Branch 
Spring. 

Snlphur 
Spring. 

Old  Spring. 

HoUOi. 
Sodium  ofirboiiftto 

Qraint 

0.20 
0.87 
0.40 
2.26 

Oraint 

^1.21 
0.61 
2.14 
0.23 
2.70 

Graint 
pergaUon.* 
84.08 
0.66 
2.42 
0.76 
2.06 

OrtBint 
pergtMon,^ 
82.80 

Mf^rn^wlQin  imrbonnte  -- 

L36 
2.75 
0  02 

Calcimn  curbonate - 

Iron  carbonate 

Caloinm  aulphate 

Iron  enlphaM 

i'^i 

Sodium  chloride 

7.60 

Strontia   

Ol82 

SQica 

2.10 

i26 

1.00 

1.25 

Crenicadd 

0.7S 

Hypocrenio  acid 

0.60 

Total 

52.40 

4&88 

42.07 

48.70 

€hut9. 
Carbonic  acid 

Oviricinehet. 
65.44 

OubioineheM. 
50.20 

52.88 
0.56 
1.84 

OuhUindist. 
82  66 

Snlphnreted  hydroicen 

chiorine-T.  ..™„; .:.:......;.::.::. 

1.H4 

1.84 

Total   '. 

67.28 

61.04 

56.28 

82L66 

Constitnenta. 


SoUdt. 


Sodium  carbonate 

Sodiam  bicarbonate 

Potassiam  bicarbonate. . . 
Magnesinm  bicarbonate 
Calcium  bicarbonate 

Iron  bicarbonate 

Sodium  aulphate  

Magueainm  sulphate  ..  . 

Iron  perchloride 

Potassium  chloride   . .  . . 

Sodium  chloride 

Magnesium  chloride 

Caldum  chloride 

Sodium  iodide  

Sodium  bromide 

SUioa  

Sodium  silicate 

Aluminium  silicate 

Silicates   

Strontia 

Bitumen 

Organic  mattter 

Glairine 


Cnllum's  Springs. 


I 


Alabama     ' 
Vichv  Spring. 


Livingston 
I      Artesisa 
Sulphur      I  Ferruginous  Well. 

Spring.       I       Spring.       I 


Qraint 
ptr  gallon.' 


]       .«.f 


65.40r 

&4o| 

0.37 

2.4 


Qraint  Qraint 

ptr  gallon.'    ,   per  gaUon.* 
57. 28  0. 855 


Qraint 
pergaUon, 


11.28  . 
1.64  I 
1.60    , 


0.640 


o!52    I. 


2.820 

7.140 
0.204 


I 


■vl 


4.54 


Trace 


Total 


(») 


1.40 
1.57 


2.60 


84.88 


Qatet. 


Carbonic  acid 

Snlphnreted  hvdrogen 

Caroonic  acid  In  combination 


OuMcinehtt, 
Trace 


Total. 


6.53| 
Trace 
I.22J 


85.62 


Oubieinehst. 

07.'i6* 


07.10 


1.170  J 
0.620 


0.100 
0. 82-^ 
205u4  5 
LftlO 
2.083 

o-'oeo 


3.320 


I  0.818[i 


1.188 
Trace 


15.828 


812.564 


Cfubie  iiuhet. 


Ouhieinehiet 

21.47 


0.82 


80.70 


» J.  L.  and  W.  P.  Rlddell,  analysts.         ^  R.  T.  Brnmby,  analyst.        •  Abeqain,  analyst  (1858). 
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Coustitaenta. 

Blonnt  Mineral  Springs. 

No.1.  Bed  Spring. 

Sweet  Spring. 

Spring  No.  4. 

SoKds. 

Graint 
pergatton.*^ 
4.40 
6.80 

Grmnt 
pergaUon.^ 
8.67 
7.28 

GnOne 
pergeMon.^ 
8.60 
4.48 

Graine 
pergaUon.' 
0.40 

6w72 

BariniD  carbonate 

0.91 

Inm  carbonatp 

L92 

L12 
" 2.46" 

3.10 

iV^l^iini  ftfilphaie ..., 

0.80 

Ma^eeixim  milphate r , 

1.60 

Caloinm  aulDhate        



6.28 

1.27 

Ci^lcinm  pbonphAte 

Trace 

PotAaolnm  chu>rldo 

7.07 

Sodium  chloride 

82.82 
6.00 

20.86 

0.78 

Tntoe 

80.88 

23.21 

Hf iM?r4*^n|n  chloride 

2.04 

«a^«,„nicmonae... ............ ...^ 

MMn^^inni  iodide   . 

0.14 

0.16 

Lit&nm 

Trace 

Alumina 

}              -3.00 
2.07 

c     

Trace 

Silica     

2.44 

Siilphar 

Total 

58.04 

47.78 

42.48 

56u56 

Carbonic  acid 

Oubie  inchet. 
&00 
14.96 

Oubie  inches. 

Oubie  inehet. 
6.00 
12.56 

4.72 

Snlphnreted  hydrogen 

OxTgen  

80.67 
1                  7.08 

Niirogen 

' 

Constitnenta. 

Talladega 
Spring. 

Roper  Min- 
eral Wells. 

Johnson's  * 
'     WeUs. 

Harrell 
Springs. 

8oKd». 
f^nAirtTfi  carbonate 

Orairu 
per  gallon.' 
12.32 
7.99 
0.93 
8.78 
Trace 

J0.89' 

Oraintt 
per  gaUon." 

Grains 
ptr  gaUon.* 

Parte  in  1,000." 

Potassium  carbonate     

Magnesium  carbonate 

Cvlcf nm  carbonate -. 

Iron  carbonate 

6.00 

Magnesinm  sulphate 

Calcinm  sulphate ■ 

1.00 

8.00 

Magnesium  phosphate 

0.50 

SodTam  chlo^de  T. 

6.34 

Soda 

L56 
8.56 
17.61 
40.47 

27.76 
1.55 
0.22 

18.91 

PntA«h                                                      

Magnesia 

Lime         

Lithium      

Trace 

Aluroinic  oxide 



12.41 

Alumina 

i.45 
2.45 

Silica 

Ferrous  oxide 

10.32 

66.72 

116.58 

2.89 

L16 

Trace 
44.24 
1.98 
10.50 
89.45 



F»-rric  oxide    . . .' 



Chlorine 

Organic  matter      

Trace 

Cdrhoi-ic  anhydride ..- 

21.68 
315.85 

Sulphuric  oxide « 

Total       

50.15 

601.62 

158.18 

10.50 

Oiu. 
Solphureted  hydrogen 

82.00 

OubU  inehet. 

■  B.  Brumby,  analyst. 

^  Henry  Lelnnann,  analyst 


•  W.  0.  3tubb^  analyst. 
<  With  phosphates. 


» Summers,  analyst 
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[BI7LL.nL 


Conatitaento. 


Sodium  bioarbonate..... 
MagDeainm  bicarbonate. 

Caloinm  bioarbonate 

Iron  bicarbonate 

Sodium  Bolpbate 

Magneainm  sulphate  

Potaaaium  chloride 

Sodium  chloride 

Magneainm  chloride , 

Calciam  chloride  

Alnmina 

Silica  , 

Organic  matter , 

Lose , 


Taylor's  Springa. 


Spring  No.  1.     Spring  No.  2.    Spring  No.  S. 


€frain§ 
per  ffotton.* 
0.42 
0.68 
1.08 
0.20 
0.03 
0.02 

Trace 
0.13 
0.12 
0.14 

Trace 
0.20 
0.81 


Total. 


8.82 


Oraint 
pergaMon.* 
0.40 
0.64 
1.30 
0.23 
0.03 
0.03 
Trace 

o.oe 

0.06 
0.07 
Trace 
0.82 
1.01 
0.04 


4.30 


Grain* 
pergaMon^ 
0.43 
0.56 
1.00 
0.25 
0.03 
0.03 

Trace 
0.07 
0.11 
0  07 

Trace 
0.26 
1.54 


4.43 


*■  J.  Lawrence  Smith,  analyst. 


MISSISSIPPI. 


The  miDeral  springs  of  Mississippi  are  numeroas,*  aud,  like  those  of 
the  neighboring  States,  are  largely  chalybeate.  In  certain  localities 
the  greater  portion  of  the  wells  and  springs  are  highly  mineralized. 
Waile's  report  on  the  geology  of  Mississippi  states  that,  along  the 
whole  extent  of  the  Yazoo  and  Tallahatchee  Valleys  and  the  whole 
front  below,  on  the  Mississippi  Eiver,  copious  springs  issae  from  the 
bluffs,  the  water  flowing  from  beds  of  ocherous  earth  and  pyritons 
clays.  The  water  is  highly  charged  with  sulphate  of  iron  and  its 
habitual  use  is  very  pernicious.  Many  of  the  artesian  wells  of  the 
State  are  also  mineralized.  Prof.  E.  W.  Hilgard,  in  his  geological  re- 
port for  1860,  says:  "Few  neighborhoods  in  the  State  are  without  a 
mineral  spnng  or  well  of  some  kind,  good,  bad,  or  indifferent.'^  Many 
of  these  springs  have  extensive  local  reputations  and  appear  to  be 
used  somewhat  indiscriminately  by  the  residents  for  medicinal  pur- 
poses. Only  a  few  of  the  springs  have  any  commercial  importance. 
Ocean  Springs  and  luka  Springs  are  the  best  known  resorts.  Cooper's 
Well  was  well  known  before  the  war  and,  with  others,  is  being  revived 
as  a  pleasure  resort. 
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Mimeral  9pring$  of  Jf<M<«^>pi. 


17ame  and  looatkm. 

1 

1 

1 

1 

Character  of  the 
water. 

Remarka. 

Atkolhu  tpHng  : 

One  mile  Met  of  Yamo  City.  Ya- 
zoo Coon  ty. 
Ahtmnringa: 

In  La  Fayette  County 

o 
02 

• 

Al\^4ii^ 

In  Madison  Conntv   

In  Marion  County 

In  Pike  County.           

Ancbooa  Spring,  'Anchosa   Creek, 
near  Quitman,  Clarke  Countv. 

Arteaian  Springs.  0  miles  from  Pick- 
ens, near  Camden,  Madison  County. 

Arteaian   Well    (public),    512   feet, 
Aberdeen,  Monroe  County. 

Belmont  Springs,  31  miles  northeast 
of  Buckatnnna,  Wayne  County. 

T^1a<^k  Wem,  Chor^taw  County 

4 
1 
2+ 

Chalybeate 

....do 

Resort 

IMK) 
3,000 

Do. 

Saline,  chalybe- 
ate. 
Sulphurated 

Brandywine  Spring,  20  miles  east  of 
Port  Gibson,  Claibome  County. 

Calhoun  Springs,  near  Pittsborough, 
Calhoun  County. 

Castalian    Springs,    near    Burant, 
Holmes  County. 

Chalybeate  Acid  Springs,   2  miles 
sonthwest  of  Grenada,  Grenada 
Coanty. 

Near  Poplar  Springs,  Calhoun  C  o . 
In  T.  1.  K.  16,  southeastof  DeSoto, 

Once  a  resorir. 

Do. 

6 

1+ 

7,200 


58 
76 

Sulphureted, 
saline,  and 
chalybeate. 

Chalybeate,  &o. 

Used  as  a  resort  and 
commercially. 

Used  as  a  resort  to  a 
limited  extent  and 
sold. 

Unimproved. 

Clarke  County. 
Near  Enterprise,  Clarke  County 
Near  Fulton,  Itawamba  County . . 
*     Southeast  of  Fulton,  ItawambaCo. 
Hear  Eureka  Springs,  Panola  Co. 
Near  Warren's  Mill.  onMackay's 

Creek.  Tishomingo  County. 
In  Winston  County 

64.4 

62 

2 

"'. 

ChaiybJite!"*.! 

1 

* 

In  Yalobusha  County 

In  See.  26,  T.  8,  R.  9  E.,  Tisho- 
mingo County. 

In  See.  31,  T.  5.  R.  10  E.,  Tisho- 
mingo County. 

North  of  flonston,  Chickasaw  Co 

Near  Jonesboro'.  Tippah  County 

Six  miles  northwest  of  Ripley, 
Tippah  County. 

Southwest  of  Satartia.  Yazoo  Co 

One  mile  south-southwest  of  Gre- 
nada, Grenada  County. 

N^ear  Louisrille,  Winston  County . 

Near  Oxford,  La  Fayette  County. 

Near  Robina,  Panola  County.  . . . 



• 

75.2 

Three  miles  northeast  of  Vernal, 

Greene  County. 
Near  Cross  Roads,  Greene  County 
Near  Westrille,  Simpson  County. 
In  Rankin  Countv     

Coleman's  Well,  JaolESon  County 

County. 
Cooper's  WeU   (artesian).   4    miles 

from  Raymond,  Hinds  County. 
Franklin   Springs,  head  of  Well's 

Creek,  Frankl&JCounty. 
Godbold  Mineral  Well,  near  Sum- 

1 

56 

Saline 

Used  commercially 

and  as  a  resort. 
Once  a  resort. 

1 

and  as  a  resort. 

mit.  Pike  County. 
Greenwood  Spring,  Monroe  County. . 

Harrison'    Springs    (see     Belmont 
Hazel  Sen  Springs,  2i  miles  trvm 

8 

ChAlyb^t^ 

Used  as  a  local  re 

HoUy  Springs,  Marshall  County. 

sort 
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iBDU^tt 


Mineral  springs  of  MiasiaHppi — Continned. 


Name  and  location. 

1 

a 

1 
1 

Cbaraoteroftbe 
water. 

Remarks. 

HoUom-Back  Springis,  8  or  10  miles 
Boathweat  of  Lomsville,  Winston 
Comity, 
luka  Mineral  Springs,   near   laka, 

Tishomingo  Connty. 
La  Fayette    Spiings,   La    Fayette 

Springs,  La  FayeUe  Coonty. 
Landerdale  Springs,  near  Lauderdale 

Station,  Lauderdale  Coonty. 
Mineral  tpringt  : 

Near    Poplar    Springs,    ITnion 

County. 
At  Holmes  Mill,  near  Feam's 

Springs,  Winston  County 
Near  Corinth,  Alcorn  Connty  . . . 

o 

. 

iHMalnaoKk 

4 



00 

Chalybeate  and 

■nlphuTeted. 
Saline,  anlphn- 

Sii^ho-chalybe. 

Beaort. 
Do. 

nnimpro?«d. 
Once  a  resort 

In  Sec.  24,  T.  16,  R.  3  E.,  Holmes 

County. 
At  Pittsborongh,  Calhoun  Co. . . . 
At  Mount  Pleasant,  Marshall  Co 
At  Canton,  Madison  Connty. 

Near  Brandon.  Rankin  County  . . 
Near    Steen's    Creek,    Rankin 

County. 
At  West   Pascagoula,  Jackson 

County. 
Near   Handaborough,    Harrison 

County. 
In  Sec.  30,  T.  6,  R.  9,  near  Hazel 

Dell.  Prentiss  County. 

Twelve  miles  northeast  of  Co- 

lumltuH.  Lowndes  County. 

Mineral  Wdln.  8  miles  below  head 

of  Wells  Cre«'k.  Franklin  County. 

Mississippi  SpringH  (ont*o  Biinkston 

eo.8 

68 

Acid^shalybeate 

Snlpho^shalybe- 
ate. 



2 

Snlpho-ohalybe. 

UsedkMsaUy. 

4 

Sulphureted   .. 

Used    as   a  ismt 

Sprin^HS    near    Uaymo  d,    Hinds  1 

County.                                               ' 
Multona  Spriugs.  4  miles  from  Mc-        7 

Cool.  A ttnla  County.                         | 
Ocean  Springs.  Ocean  Springy  Ja  k-  1  

son  County. 
Ouitmun  Red  Sulohnr  Soriuirs.  or  1      2 

prior  to  1888 
Unimproved. 
Resort 
Local  lesort. 

600-1- 

Snlpho-chalybe- 

Archusa  Springs,  |  mile  south  of 

Quitman.  Clarke  County. 
Smith's  Sptiuss,  south  of  Quitman, 

Cla^ko  Couiitv. 
St.  Andrew's  Well,  1  mile  south  of 

Monticello.  Lawieuce  County 
St.  Ronan's  Well.  4  miles  south  of 

Monticello,  Lawrence  County. 
Stovall's  Spring,  3  miles  above  Co- 

Chalybeate    . 

Used  to  a  limited  ex- 

lumbia,  Mai  ion  County.                    ! 
Sulphur  mringa :                                   \ 
N^ar  Enterprise.  Clnrke  County  ' 
Ei^ht  mUts  suith  of  Philadel-  '      1 

phia,  Neshoba  County. 
Near  Philadelphia,  N  eshoba  Co . .  |      1 

Near  Central  Academy,  PanoiaCo 

In  Nenhoba  (/Ounty        - . . , ,    

purposes. 



Tipton  Well.  Jackson  County  . 
Vernal   Springs,  3   miles   south  of 

Vernal,  Greene  County. 
Winston   Springs,   near  Louisville, 

Winston  County. 
White  Springs,  ii  miles  northwest 

of  Ripley.  Tippah  County. 
White's  Springs.  4^  miles  south  of 

Fnlton,  Itawamba  County. 
White  Sulphur  Springs,  near  Gar- 

landvUle,  Jasper  County. 

Unimproved 
Reaort. 

'    ■ 

2 

40 

Used  looally. 
Local  resort. 

8 
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Godbold  Min- 
eral Well. 

Cooper's  Well. 

Lauderdale 
Springs. 

Ocean  Springs. 

Calciam  carbooate 

Orains 
per  gallon.* 
Trace 

Grains 
per  gallon.*' 

il.7i' 

0.61 

32.18 
0.12 

23.28 
8.36 

Part«ml00.« 

Grains 
pergalUm.*' 

Sodium  aulphate^ 

PotaMium  solphate 

Calciam  sulphate 

Trace 

Alamialam  aalphate 

Mafrnesiam  Bolphate 

Smlinm  cbloride 

1.78 

47.77 

Potaasiam  chloride 

Trace 

Calciam  chloride..... 

4.82 
8.48 

3.88 

Masfl^sium  chloride 

4.VI 

Iron  protoohloride .-.'. 

ii.42 
Trace 

Silica 

a  00100 
0.00005 

A Inniina, ■.  ■, - .......' 

Ferroaa  oxide 

4.71 

j^oaa 

0.84 

3.36 

0.31 
.     1.80 

0."oo647"' 

IroD  peroxide 

Crenate  of  lime 

^'i^n«t.«of<iili«a(f>.,     .   u 

Orga.xuc  matter 

Trace 

Lime 

aooou 

0.00034 

0.00012 

0.00226 

Trace 

Trace 

0.00006 

0.00007 

0.00062 

0.00006 

0.00008 

0.00002 

0.00002 

Trace 

Snlnihar  oombioed  with  hvdroiren  .  ... 

1 

Poteah  ,  .            ^a  * 

Soda 

> 

Ammooia...... 

Trace 

Mafoieaia 



Salphoric  acid 



Caruooio  acid 

Chlorine 



Iodine 

Trace 

Apoorenic  acid 

Cronloacid 

HTdroeen  combined  anlohate    ... 

Brooaine 



Total 

13.99 

95.48 

0.00583 

61.33 

Oases. 
Salphareted  hydrogen. 

0.28897 

0.25766 

0. 25728 

Trace 

1.28 

CarDonic  acid  uncombined 

9.76 

Oxvffen and  nitroeen -. 

Total 

0.74891 

*  J.  H.  Laster,  analyst. 


*>  J.  Lawrence  Smith,  analyst. 


«L.  Harper,  analyst  (1857). 


TENNESSEE. 

The  mineral  springs  of  Tennessee  are  numerous  and  occur  in  all  por- 
tions of  the  State.  The  geological  formations  being  the  same  as  those 
of  the  adjacent  States,  especially  of  Virginia,  Kentucky,  Alabama,  and 
Mississippi,  the  mineral  springs  are  naturally  of  the  same  general  char- 
acter. Chalybeate  and  sulphureted  springs,  therefore,  predominate. 
Killebrew  and  Saftbrd's  Eesourees  of  Tennessee  probably  gives  as  com- 
plete an  enumeration  of  the  springs  as  any  work  published.  The  list 
presented  here  is  largely  indebted  to  it,  and  in  addition  has  had  the 
supervision  of  Prof.  James  M.  Safford,  State  geologist  of  Tennessee. 
Acknowledgment  is  also  due  to  him  for  copies  of  analyses  made  by 
himself  and  by  Prof.  N.  T.  Lupton. 

A  large  number  of  the  springs  are  used  as  resorts.  Many  that  were 
so  frequented  ])rior  to  the  war  have  fallen  into  disuse^  and  other  springs 

Bull.  32 7  (225) 
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of  extensive  local  reputation  are  still  unimproved.  Notwithstanding 
the  number  of  springs  utilized,  complete  analyses  of  comparatively  few 
have  been  made : 

Mineral  springs  in  Tennessee, 


1 

a 

1 
a 

Is 

1 

1 

Chanoter  of  the 
water. 

Bemarks. 

Alleghany  Springs,  14  niilea  south  of 

Maryrille.  Bloant  County. 
Alum  nnd  Chalybeate  Sprines,  on  Bea- 
ver Dam  Creek.  Benton  County. 
Ainm  Springs,  near  BogersvUle,  U*w- 

kins  County. 
Alum  Well.  5  miles  east  of  Bogers- 

villo,  Hawkins  County. 
Artesian  Well  (ttulphur).  2  milee  tnm 

Saltillo  and  J  mile  north  of  White 

Oak  River.  Hardin  County. 
Artesian    Well,    Swayne's    Mineral 

Spring,  9  or  10  miles  from  mouth  of 

Big  Sandy  and  4  miles  fh>m  Spring- 

villo,  Henry  County. 
Austin's  Springs,  Austin's  Springs, 

Washington  County. 
Avoea  Spring,  near  Briatol,  Snllivan 

County. 
Banner's  Springs,  4  milee  from  Dan- 

dridge.  JefTerson  County. 
Bath  Springs.  Decatar  County,  7  miles 

northwest  of  Clifton. 
Beaver  Dam  Springs,  southern  part  of 

Hickman  County. 

Grandy  Coanty. 

Black  Solphur  Springs,  Blount  Coanty . 

Black  Water  Springs,  near  Bean's  Sta- 
tion. Grainger  County. 

Bon  Air  Chalybeate  Spring,  on  edge 

from  Sparta,  White  Coanty. 
Bon  Aqua  Springs,  formerly  Weem's 

Springs.  Bfiokman  County,  7  miles 

south  of  BaruK. 
Brown's  SptiDgs,  nearlTnion  Depot, 

Suillvan  Coanty. . 
Brown  and  Bovd's  Spring,  Rhea  Co., 

» 

»oo+ 

o 
50 

Chalybeate,  Bul- 

Resort 

8 
1 

Unimproved. 

Snlphureted  .  .. 
Sulphurated.... 

SaUne,   chalyb- 
eate. 
Sulphurated... 

Sulphnieted.... 

Chalybeate 

1 
1 

Was  once  a  famous  re* 

60 
SO 

61 

aort;  not  much  uaed 
at  present. 

Resort 

Used  locally. 

Reaort 

2 

Waa  once  a  resort;  un- 

ResOTt 

Da 

3* 

1 

Sniphureted  and 

chalybeate. 
Chalybeate 

Calcic,  sulphnr . 

Do. 

Resort  prior  to  the  war. 

* 

Resort 

1 

Chalybeate 

Chalybeate  and 
sniphureted. 

AlkaUne,     sni- 
phureted. 

Saline,   sniphu- 
reted, 

5milesiYt>mWkeville. 
Canwood'H  Springs,  2  m}Ies  south  of 

1 

Do. 

Dandridge.  Jefferson  County. 
Cascade  Springs  (formerly  Pylant'a), 

Kranklin  Co.,  5milesfh>m  Tnllahoma. 
Castalian  Springs,  Castalian  Springs, 

Snmner  County. 
Cavco'H  Springs,  6  miles  fh>m  Franklin, 

Williamson  County. 
Chalybeate  springs  : 

In  Washington  Countv 

ft 
6 

i 

Do. 

12,000+1 

i 

Was  a  resort  to  Umited 
extent  before  the  war. 
Reaort 

Chalybeate 

Nnnr  Huntingdon,  Os.itoU  County 

i 

Near  Jacksborough,  Campbell  Co . 
At£liKabethton,  Carter  Countv  .. 

::::::::i:::::: 

Two   miles   south   of  Crossville, 

1 

Cnmberland  County. 
Ten   miles    south   Of  Crossville, 

Near  Rockport,  Benton  County  . . . 

1 

Fonr  miles  from  PikeviUe,  Bledsoe 

1 
2 

1 

Unimproved. 

Co. 
Bast  of  Smithville,  De  Kalb  Co. . . . 

In  Fentress  Coanty 

10+' 

1 

Sulpho-ohalyb- 
eate. 

In  Hardin  Coanty   

i 

Two  miles  oast  oi' Paris,  Henry  Co 
In  Big  Poor  Vallov.  nortbeast  of 

Used  locally. 

War  Onp,  Hawkins  County. 

1 

1 

1 
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l/flOigfOWHe  n7?-»7>|fV— \yUUtfUlUOTI. 

At  MiH  Spring.  Jefferson  Coonty . . 
Ten  miles  eouth  of  Dandridge,  Jef- 
ferson CooBiv. 

Near  Jasper,  Marion  Coan^ 

Twenty  miles  southeast  of  Lir- 

inirston.  Overton  Coanty. 
Ou  Roaring  Fork,  Overton  County. 

At  Alpine,  Overton  Connty 

Near  J  ackson,  Madison  County . . . 
At  Pilot  Knob,  near  Monroe,  Over- 
ton Connty. 
On  Turkey  Creek,  Madison  Connty . 
In  Wear's  VoUoy,  south  of  Sevier- 
ville.  Sevier  County. 

Iq  Sullivan  County 

One  mile  south  of  Spencer,  Van 
Buren  County. 
Cliilbowee  Spring,  Cbilhowee  Mount- 
ain, near  wiUijunsburg,  1  mile  south 
of  Kinibronzh'H  Store.  McMinn  Co. 
Clincbdale   Springs.    Bean's   Sution 

Yallev,  Gra3nger  County. 
Clarktbwn     Springs,   Clarktown,    11 
miles  eapt  of  Sparta,  White  County. 
Cooper's    Sprinjw,  1|  miles  east    of 

Kirabrougn's  Store,  McMinn  Co. 
Copeland  Springs,  near  White  Pine, 
0  miles  east  oiUandridge,  Jefllsrson 
County. 
Crawfonl  Sprins,  Henderson  County, 

16  miles  east  of  Jackson. 
Crisp  Springs,  6  miles  trom  McMinn- 

vifle,  Warren  County. 
Dixon's  Oakland  Spring,  2  miles  from 
Fern  River,  near  PerryviUe,  Deca- 
tur County. 
Draper's  Springs,  Bloomington,  Put- 
nam County. 
Dnnlap's  Chalybeate  Springs,  2|  miles 
south  of  Boltvar,  Hardeman  County. 

Dunn's  Spring,  Davidson  County 

Eldomilo  Springs,  Chancy,  Robertson 

(bounty. 
£1 U  mont  Springs,near  Elkton,6fles  Co. 
Epperson 'Springs,  west  jMurt  of  Ma- 
con County. 
Epsom  Springs,  7  mUes  northeast  of 
KogersviUe,  Hawkins  County. 

Erwin  Spring,  Brwln,  Unicoi  Co 

EstiU    Springs.  Spring    HUl,   SstiU 
Springs,  Franklin  County. 

Femvale  Springs  (formerly  Smith's), 

12  miles  west  of  Franklin,  WiUlam- 

son  County. 
Galbraith'R       Springs,      Galbraith's 

Springs,  near  Mooiesburg,  Hawkins 

County. 
Oibsun's  or  Academy  Springs,  18  miles 

east  of  Crossville,  Cnmlierland  Co. 
Gibson  Wells,  0  miles  southwest   of 

Trenton.  Gibson  County. 
Glenn's  Chalybeate  Spring,  1)  miles 

cast  of  Randolph  and  7  miles  west 

of  Atoka,  Tipton  Couhty. 
Glover's  Springs,  near  Union  Depot, 

Salllv.an  Connty. 
Gralinm's    Springs,    near    Rebecca, 

Franklin  County. 

Hager's  Spring,  Sumner  County 

Hale's  Keel  and  White  Sulphur  >^pring8. 

Halo's  Springs,  6  miles  nortnwest 

of  BogersvUle,  Hawkisa  County. 


300-400 


800 


200+ 


45+ 
00+ 


200 


67 


57-«> 
40 


m 


Chalybeate . 


Chalybeate  and 
surphureted. 

Chie^  chalyb- 
eate. 


Sniphuretedand 
chalybeate. 


Alkaline,     sul- 

phureted. 
Snlphureted . . . 


Chalybeate  and 
ul 
Inl 
chalybeate. 


Sul] 


lyl 
sulphur, 
hi 


and 


Sulphureted  — 

Chalybeate . . 
Chalybeate  and 
sulphur. 


Chalybeate 

Chalybeate  and 
alkaline,   sul- 
phureted. 
Sulphureted  and 
calcic. 

Chalybeate . . 


Alkaline,     car- 
bonated. 

Chalybeate  .... 


58 


Calcic,  alkaline, 
sulphureted. 

Sulphureted  . . . 

Sulphureted  and 
chalybeate. 


(227) 


Used    to    small    extent 
locally. 

Unimproved. 

Resort. 


Do. 


Used  locally. 


Resort 

Was  a  resort  prior  to  the 
war. 

Resort 

Do. 
Do. 


Do. 
Used  as  a  resort  to  lim- 
ited extent 

Resort 

Do. 

Unimproved. 
Resort. 
Da 

Da 
Da 

Da 
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Name  andilocation. 

1. 

I 

%i 
a* 

k 
1 

H 

Character  of  the 
water. 

Remarks. 

Hale  and  GoiTR  Springs,  near  Spencer, 

Van  Baren  (Joanty. 
Horrin  Sulphnr  Springs,  2  miles  from 

Ashland  City.  Choatiiam  County. 

Springs.  Sevier  Connty. 

Hinson  Sprlnp.  Henderson  Coanly,  28 
miles  east  of  Jackson. 

Horn's  Mineral  fc;priDj;s,  near  Lebanon, 
Wilson  Connty. 

Hot^ard  Spiings,  Howard  Sprinjrs,  4 
miles  west  of  Crossville,  Cumber- 
land County. 

Hurricane  Springs,  Franklin  Connty, 
6  miles  from  Tuilahoma. 

Idaho  Springs,  Saint  Bethlehem,  near 
Clarksvillo,  Montgomery  Conn^. 

Jenkins  White  Sulphur  Springs,  Car- 
ter County. 

Jones's  Sulphur  Well,  1  mile  west  of 
Murfreesborough,  Rutherford  Co. 

Jordan's  Springs,  Jordan's  Springs, 
Montgomery  County. 

KiQs's  nnlpbiir  Snrinir*.  Cheatham  Co 

o 

1 

Chalybeate 

Alkaline,  saline. 
Chalybeate 

Alkaline,   snl- 
phureted. 

Resort. 

Resort  and  the  water  is 

4 

3 
6 

400+ 

12 
60+ 

45^ 

54 

56 

sold  to  limited  extent. 
Resort 

Sold   to  limited  extent 

and  a  rcaoi-t. 
Used  commercially  and 

as  a  resort. 

8 

6,000+ 

40 

Alkaline,  snl- 
phureted. 

Used  locally. 

Kingston  Springs,  Kingston  Springs, 

Klippert's  Spring,  near  Hale's  Springs, 
Hawkins  County. 

Lea's   SprinsB,   near   Spring  House, 
Grainger  Cimnty. 

Line  Spring,  Line  Spring,  Sevier  Co  . . 

Low's   Sulphur  Springs,  near  Faii^ 
view,  Anderson  County. 

Mack's  Sulphur  Springs.  6  miles  south 
of  Maryville,  Blount  County. 

MoBride*s  Spring,  8  miles  ftom  Spen- 
cer, Van  Buren  County. 

^[cE wen's  Springs,!  mile  flrom  Frank- 
lin, Williamson  County. 

Melrose     Springs,    near    Maryville, 
Blount  County. 

Mineral  tpringt  : 

Near  rikeville,  Bledsoe  County. . . 

6 

1 
7 

I 

57-60 

Suiphureted  and 

chalybeate. 
Chalybeate... 

Resort. 
Do. 

Do. 

Chalybeate 

Local  resort 
Unimproved. 

Improved. 

Local  resort 

" 

1 

60 

Resort 

4 

Suiphureted  and 
chalybeate. 

Chalybeate 

Chalybeate,  &o.. 

Do. 

In  Cocke  County 

At  foot  of  Cumberland  Gap,  Clai- 
borne County. 
Two  miles  west  of  Alamo,  Crockett 

• 

County- 
In  James  Connty 

Kenr  Chestnut  Hill,  Jefferson  Co. . 

In  Poor  Valley,  Knox  County 

In  McMinn  Countv 

Near  Mont  Eagle.  Varion  Co 

In  Perry  County 

4 

Do. 

In  Putnam  County 

At  Keshuba,  Shelby  Connty 

At  Ral<  igh,  Shelby  County 

On  Clinch  River,  Union  Cbun^. .. 

Sulphur 

Unimproved. 
Do. 

Six  miles  north  of  Maynardvfllo, 
Union  County. 
:ilineral  Hill  Spiings,  near  Bean's  Sta- 

f  ion,  Grainger  Connty. 
^inntvalo  Springs,  Montvale,  Blount 

(;ounty. 
Mooresburg  Spring,  near  Mooresburg, 

Hawkins  Countv. 
Morgan  Springs,  ifthea  County,  Smiles 

from  Pikeville,  Bledsoe  Connty. 
Mount  Nebo  Springs,  Blount  County 

Chalybeate 

Suiphureted  .... 

Chalybeate  and 

sulphur. 
Chalybeate. 

...do 

8 
3 

400+ 
200+ 

45-50 

Used  oommeroially  and 
as  a  resort. 

Do. 

Naahvillo  SiUphur  Spring  (artesian), 
Nashville.  I>avidsoQ  County. 

Norwood  Springs,  Rhea  Co.,  1)  miles 
from  Pikeville,  Bledeoe  Connty. 

Saline,   suiphu- 
reted. 
Chalybeate 

Much  used  by  people  of 
NashvUle.  "'^    '^ 
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Mineral  springs  in  Tennessee — Coutinned. 


Name  and  location. 

1 

i 

1 

1 

1 

Character  of  the 
water. 

Remarks. 

OllTer  Springs,  Oliver  Springs,  Ander- 
son County. 
Parker's  Solphur  Spring,  near  Big 

Sandy,  Benton  County. 
Patterson's  Springs,  near  BirdsvUle, 

Cocko  Connty. 
Pettlgrow  White  Sulphur  Springs,  9 

miles  from  PcrrvTillo,  Deoatnr  Co. 
Pickwick  White  and   Red    Sulphur 

Sprinss,  uenr  Walnut  Grove,  liar- 

din  County. 
Powder  Springs,  Powder  Spring  Gap, 

Graiiigrr  County. 
Primm'fl  Springs,  cast  part  of  Hick- 
man Connty. 
Price's  Cha1yl)eate   Spring,  ^  miles 

from  Eric,  London  Connty. 
Kiileigh    Minirol    Springs,   Raleigh, 

near  Memphis,  Shelby  Connty. 
Rrd    BoiUng    Springs,  Red    filing 

Springs,  Illscoii  County. 
Re  1  Sulphur  Springs,  .*>  miles  south  of 

Pybum's  Blnlf.  Hardin  County. 
Rhea   Springs,  Rhea  Springs,    Rhea 

County. 
Robinsou's    Springs,  20    miles    ftom 

Nashville.  Davidson  County. 
Robinson    Spring,    Chalybeate,  Van 

Borcn  County. 
Sam's  ('reek  Springs,  Davidson  Co.  .. 

6 

1 

160+ 

o 

Sulphnretedand 
chalybeate. 

Resort 
Local  resort. 

Resort. 

Do. 

Unimproved  at  present 

Resort 

Local  resort 

5 

1 

3+ 

3 

2 

615+ 

5&.«8 



Calcic,    anlphu- 

rcted. 
Chalybeate 

53-74 

Used  commercially  and 
as  resort 

Sulphureted  and 
chalybeate. 

• 

480 

56 

Alkaline,  saline, 
chalybeate. 

Used  commercially  and 
as  a  resort. 

1 

120 

Chalybeate 

Resort. 

Sh::dy  Grove  Springs,  4  miles  south- 
west or  Dandridgc,  Jefiferson  Co. 
Sbrlliy  Chalybeate  Springs,  Kashyille, 

Davidson  County. 
Sojirh  Saratoga  Springs,  10  miles  ftrom 

rikuvlUc,  Bledsoe  County. 
Sulphur  9vr  in  fft  : 

l)n  Sulphur  Creek,  Benton  County. 
InClay  County 

Chalybeate  and 
sulphureted. 

Do. 

1 

Do. 

00 

51 

Local  resort 

Small  n>nd  unimportant 

At  Cascade  Falls,  near  Tullahoma, 

Coffee  County. 
Three  miles  fh>m  Stephen's  Chapel, 

Bledsoe  County. 
In  Dy e>* County     ..-..r 

Unimproved. 

At  Van  Bnren  Academy,  Fentreaa 
County. 

In  Hamblen  County -...^.. 

Three  miles  fh>m  Siatillo,  HaidSn 
County. 

forson  County. 
Four  miles  south  of  White  Pine, 

Jclterson  County. 
Seven  mUes  south  of  Livingston, 

Overton  Conn^. 
Xear  Jefferson,  Rutherford  Co 

1 

100 

Do 

1 

ReMxrt. 

Local  xesort 

Near   linrfteesborongh,  Bather- 
ford  County. 
Near  Hnntsville,  Soott  Connty 

Bight  miles  east  of  BloontviUe, 

Sullivan  Connty. 
Five  miles  west  of  Union  Depot, 

Sullivan  County. 
Til  Tipt^t^  County    r......... 

Between  Districts  7  and  10,  Weak- 

ley  County. 
Sulphur  iOflU: 

At  Alexandria,  Do  Kalb  County  .. 

Near  Lilwirt  v.  De  Kalb  Connty 

Near  Brant  wood,  Williamson' Co.. 

Near  Nolens viUe.  Williamson  Co. 

Near  Petersburg,  (?)  WiUismsonCo. 

.... 
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Three  and  one-half  mUaenortbeMt 

of  Sparta,  Whtte  Connty. 
At  Clarktown,  near  Solon ,  White  Co 

.... 

Unimportani 

Tate's  Epsom  Sprhig,  Tate  Springs, 

Grainger  Coanty. 
Terries  SDrinKS,  Katherford  Coanty  .. 

1 

120 

56 

Saline,  chalybe- 
ate. 

CommeroiiOly  and  ss  s 
resort. 

Tilford's  Mineral  Well.  Wartrace,Bed- 

Alkaline 

ford  County. 
Tyree's  Springs,  Davidson  Connty 

Wayland's  Springs,  Wayland  Springs, 
LaTvrence  Coanty. 

West  Nashvill*  Sulphur  Well,  Nash- 
ville, Davidson  Coanty. 

Winchester  Salphur  Springs,  Frank- 
lin Connty. 

White   Clifr  Sprinss,   in   Chilhovee 
Mountain,  16    miles    from    Mouse 
Creek,  Monroe  County. 

White  Cr«ek  Springs,  12  miles  from 
Xashvillo,  Davidson  County. 

White  Fern  Springs,  Henderson  Co., 
14  miles  east  of  Jackson. 

White  Sulphor   Spring,  near  WlU's 
Foundrv,  Hamblen  County. 

White  Sulphur  Sprina:,  1  mile  south 
of  Pybum's  BlufC;  Hardin  County. 

White  Sulphur  Springs,  in  Sumner 
County,  near  Whitehoase. 

Wood's   Springs,  near  Miles   Cross- 
Roads,  Clay  County. 

Yeajger'sSprtogs-Washhigton  County. 

Yellow  Sulphur  Springs,  near  Mont- 
vale,  Blount  County. 

Yellow  Snlnhnr  Snrinfr^  Carter  Co  . 

4 

160+ 

00 

Saline,  chalybe- 
ate. 

Saline,   sulphu- 
reted. 

Resort 

Sold  to  limited  extent 

Keaort  prior  to  the  wsr. 

8+ 

Chalybeate,  snl- 
phur6t«d. 

Sulphureted.... 

Resort,  (f) 

Resort 

1 
1 

20 

45 

Sulphureted 

Unimproved. 
Resort 

8 
2 

UtedlooaUy. 

(2S0) 
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Austin's 
Springs. 

Cascade 

or  Pylant's 

Springs. 

Crisp 
Springs. 

pergaUon* 

6.80 

16.91 

L48 

Trace 

Fern  vale 
Springs. 

Galbraith's 
Springs. 

Sdidi. 

• 
Sodinm  CQr1>on&te   .  ....   , . » . , 

(jfraint 
per.  gatton.* 

ChraiM 
per  gallon.^ 

Orams 
pergatton* 

OraiM 
pergalUm.* 

Cftlcinm  carbonate 

8.20 

9.28 
5.52 

......  .... 

6.48 
7.04 

8.84 

Mncno^fiiim  carbonate. . . .  r  r . . 

0.47 

Lithium  carbonate 

Trace 

Iron  carbonatis 

Trace 
2.40 
4.80 
11.20 

a41 

SoiUum  sulphate 

Calciam  salphate 

Ma<nicaiain  sulphate ' 

12.68 
4.65 

28.45  ' 

15.17 
0.78 

18.76 
27.60 

0.22 
0.91 

Potassium  nulpoate 

2.85 

1.12 
Trace 

a  16 

Lithium  anlohate 

Iron  siilphato 

SodiUTfi  nvnoHHlnhit/B  .   . 

0.40 

0.89 

Calciam  nitrate 

Trace 

{^odinru  phnspbate-   

Trace 

Calcium' nhosnliate 

6.04 
9.76 

Trace 

Sodium  sulphide 

L85 

Trace 

5.45 

&82 

Iron  sulphide  (in  suspension) .. 

Sodium  chloride.  ..  .-. 

Lithium  chloride 

0.80 

14.15 
0.22 
0.05 
0.56 

&88 

0.08 

M&4rnPHinin  inrliilA 

Maff npflinra  bromide 

Alamioinm  oxide 

ioo 

11.20 

0.06 

\           0.56'j 

0.04 

Iron  oxide..  ......          ... 

Silica 

0.  ii     1  '             0-  08  * 

0.68 

lodino 

Trace 

Trace 
Trace 

Loes 

4.00 

Total..... 

4&00 

59.88 

77.20    ;             78.84 

6.81 

Gat, 
Sulphnreted  hydrogen 

Oubie  inehet. 

23.04 

9.47 

Oubicinehee, 
14.64 

Oubie  inchee. 

"  Alpheus  Dove,  analyst. 

•>K.  T.  Lupton,  analyst  (1877). 

•J.  M.  SaA>rd,  analyst  (1884). 


<N.  T.  Lupton,  analyst  (1879). 
•  W.  A.  Noyes,  analyst  (188^. 
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ConstitaentB. 

Glenn's 

Chalybeate 

Spring. 

Hurricane 
Springs. 

Jonea's  Sul- 
phur WelL 

Montrale  Springa. 

SoUdt. 
Rodlnm  cArbonftto       .......... 

Orains 
per  gaUon.^ 
1.58 
9.64 
7.10 
0.05 

OrainB 

pergalUm^ 

6.48 

6.95 

8.98 

Grains 
per  ooUon.*. 
7.74 
4.86 
2.17 

QromM            QraiM 
pergaJUon,*     pergaMon." 

flAlninm  nurlmniktA 

18.26 

TLTA.fmAAiiim  nikrlmnAtM      .    

PntAAftlnm  <*Rr1innAtA    

Tillihlnm  flftrboTitttn  •>..T«.i«^r« 

0.02 
Trace 

Sfcrontimn  carboiiate 

asi" 

Iron  CArbonnto 

2.40 
4.51 
74.21 
12.00 

flnfUntn  Anlnhatn 

4.29 

8.82 

OaIoKqid  4niDhA44  - 

81.94 

17.07 

Polasftiam  anlDiiato 

0.27 

2.08 
0.32 
0.01 

2.18 

3.74 

Trace 

Sodium  h  viMMiilDhite. 

Sodiam  tkhosDlifttiB      .••.•••••• 

Calciam  DhosDhate 

o.oi 

Sodinm  biborate 

Trace 

Sodinm  anlDbide 

7.18 

Sodinm  bianlDhido 

5.86 
Trace 
12.93 

Tmn  anInliiilA  Hn  AnATiAniilAn) 

Trace 
LOl 

Sodinm  chloride    -. 

0.16 

1.96 

Maffnesium  chloride 

0.IG 

Ctdcinm  chloride 

0.14 

T.itlif nm  r.hlnridA 

0.06 
Trace 
Trace 

0.29 

Sodium  iodide 

Sodium  bromide 

AMmioinm oxide  ............. 

l^ce 

0.50 

Iron  oxide 

L19 

Silica    

1.38 

0.60 

L40 
Trace 
Trace 

Trace 

Todin*>  

Bromine 

::::!;::::::::i:::::::::::::: 

Oriranic  matter 



0.04 

.  |.. 

Total 

26.73    i             48.75 

80.25 

108.84 

109.30 

Oat«t. 

OtJne  inches. 

OuMeinehss. 
L16 
14.26 

CMiioiwihMS. 
L17 
14.75 

ChMcinekes. 

Ovbicviu^M. 

Carbon  dioxide....; 

14.64 

•K.  T.  Lnpton,  analyst  (1880). 

^  J.  M.  Sallbrd,  analyst. 

•J.  M.  Safford,  analyst  (1884). 


'J.  B.  Mitchell,  analyst 
•J.  B.  Chilton,  analyst. 
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Baleigh  Mineral  Springa. 

Censtitaenta. 

Beaoh 
Spring. 

Box 

Spring. 

Freestone 
Spring. 

Magnolia 
Spring. 

Marble 
Spring. 

Bayleas 
Spring. 

Orams 
in  10,000.« 

Orams 
in  10.000.* 
0.201 

*  0.044" 
0.296 
0.142 

Grams 
in  lO.OOO.* 

Grams 
in  10,000.0 
0.580 
0.264 

GrwmM 
in  10,000.* 
0.060 
Trace. 

Grams 
in  lO.OOO.o 
0.906 

Magnenium  carbonate 

\(airufMinm  bicarbonate 

aiii"' 

0.042 

0.097 

Iron  protocarbonate 

Sodium  anipbate 

t^slduni  aiiiTihate          .... 

0.421 

0  681 
0.069 

0.193 
0.214 

1.182 
0.525 

0.175 

0.070 

a037 

Po^BHium  sulpbate. 

0.077 
0.153 
0.190 

0.856 
0.086 
0.146 

AlnmlDiuni  sulphate 

Sodium  chloride 

'Trace 
0.275 
0.063 
0.S35 
0.015 

0.132 
0.003 
0.  l.«)5 
0.078 

0.102 

0.190 

Magoeaiam  chloride 

Calcium  ohloiide 



Potat4iiiim  <;hloride 

Alnmininm  o?(ide  . .  r  r^-^   - 

('■) 

0.262 
2.887 
0.337 

\m 

Silica 

Carbonic  acid  (free) 

Orgajiic  matter ..-».- 

2.003 

1.703 

1.005 
•Present 

a450 

S.491 
0.709 

Total 

3.032 

2.896    j          1.718 

6.202 

1.506 

5u914 

Constitaents. 

Primm's 

Springs: 

Spring 

lfo.2. 

RedBoUing 
Springs. 

Rhea 
Springs. 

ParUin 
1,000,000.0 

III 

Tilford's 

Mineral 

WelL 

Sodium  carbonate 

Grains 
ptrgaUonJ 

Grains.* 

pergaXUm.^ 

Grains 
psrgaUon.i 
22.50 

0.85 
0.91 

26.00 

2L56 

0.63 

'Mo.frnAi&inm  ftftrhnmiitA 

0  17 

LitbiQin  cftrboniito  •••••••••••••••••#  •••• 

Trace 

Iron  bicArbon&tfi            ..             ....•..•••• 

616 
518 
600 
234 

Sodium  sulphate 

C&lcinm  suiuhate .........r. 

6.22 
32.87 
29.81 

1.72 
Trace 

8.50 

160.  G6 

8L91 

L64 

6.23 

6.00 
&00 

Macrneffinm  nninhate ....-- 

f>l>rflBflipnn  AfllnnAtA     •......•.••......... 

0.39 

Tfv>n  DTOtOBIllDDfttS  •••«• ..••..•••.•• 

Sodium  hynoanlnhite 

1.02 

■ 

Calcium  pbospliate 

L14 

Magneaium  phosphate 

2.10 

Sodium  biborato 

Tnee 

Sodium  snlohide 

6.48 

0.45 

Mamesinm  sulohide 

Sodium  chloride 

LOO 

28 

40.27 

0.66 

2.92 

Trace 

4.49 

Manmne44^  chloride- .  - .  t  t  - 

Iron  chloride 

Sodium  iodide 

Aluminium  oxide ...... 

0.06 

2.60 
L60 

Silica 

2.70 
0.02 

0.  is 

Nitric  add 

Carbonic  acid  (free) 

15.00 

Iodine 

Trace 

Bromine... 

Trace 

OrwHiio  matter 

91 

Total 

81.58 

oaoo 

20.77 

271.88 

86.16 

Gasss. 
Carbon  dioxide 

Outno 

CuhU 
inches. 

inehts. 
Large  am't 

OuMs 
inches. 
Present 

Cubic 
inches. 
14.00 

4.60 

Tnkoe 

Present 

*Enno  Sander,  analyst  (1886). 

0  Theodore  Hoemer,  analyst 

•  Traces  of  silicate  and  phosphate  of  alumina. 

'  Traces  of  silicate  of  alumina. 

f  TriM^es  of  nitrogen. 
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'A.  B.  Rains,  analyst  (1879). 
■jr.  M.  Saflbrd,  ana4yst. 
^  William  Baker,  analyst. 
>T.  S.  Antisell,  analyst  (1872). 
'J.  M.  Saffprd,  apitlyst  (1884), 
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Constitoenta. 

WestNaeh- 

▼ille  Sulphur 

WelL 

White  Cliff 
Springs. 

White  Creek 
Springs. 

West  End 

Mioenl 

Water.  Kash 

TiUe. 

Oraint 
pergoUon^ 
0.26 
13.21 

Graint 
pergaXUmy 

Grain$ 
p«r  gallon.^ 

Grmm 
per  gallon.' 

laifti 

Cttloinm  carbonate 

85.42 

9  -rji 

Calcinro  bicarbonate........... 

L47 

T^Aimpainin  AArbonate    x>..^.  .^..■•..■..•..u. 

&08 

5l144 

Mairuettiiiin  bicarbonate  -  ^..-r ,.,...^.. 

2.80 

1.040 

TJthinm  AArbonate  ......      ..........■■•■...• 

Trace 

Trmc* 

Iron  bicarbonate 

1.08 

Sodium  sulphate 

14.81 

13.20 
10.64 
10.82 

'^alduin  HU inhate .......... ......... . ........ 

15.394 

Ma^Devinn)  wnl'Dhate  .,,.-,,--r-- 

2.14 

ISodiuTD  hypoflnlpbate 

&50 

Sodium  Bufpbide 

11.85 
66.66 

16.  M8 

Sodium  chloride 

0.02 
0.56 
0.08 

66.  sn 

Potaminm  chloride 

Aluminium  oxide........... ^..^-..r.^- 

}      «•"{ 

}        - 

Iron  oxide 

Silica 

1.12 

Iodine    

Trace 
Trace 

Tr*t6 

BraQ^ine  T 

Tnoe 

Total 

122.66 

10.48 

04. 08    '              12S.  tt6 

Carbon  dioxide 

OMainehei. 

Oubiciruihe: 

Cubic  ineheM. 
87.906 
40.25 

OtdneindM. 

6.840 

aT30 

•N.  T.  Lnpton,  analyst  (iSSA). 
kTroost,  analyst  (1841). 


«N.  T.  Lnpton,  analyst  (1884). 


KENTtrOKY. 


The  State  of  Kentucky  occapies  a  prominent  place  as  a  mineral  spring 
region,  not  only  from  the  number  of  springs,  but  also  on  account  of 
the  quality  of  the  waters.  Some  of  them  are  among  the  most  remark- 
able in  the  country  and  many  are  on  sale  in  the  East,  West,  North,  and 
South.  Such  are  the  celebrated  Blue  Lick  water  and  that  of  the  Crab 
Orchard  springs.  There  are  said  to  be  two  great  wat«r  beds  in  Ken- 
tucky, viz:  the  calciferous  sandstone,  underlying  the  Silurian  rocks, 
and  the  great  sandstone  formation  at  the  base  of  the  Goal  Measures, 
and  any  localities  in  counties  within  the  range  of  those  formations 
(Sihirian  and  Carboniferous),  if  not  already  possessed  of  mineral  springs, 
can  have  artesian  mineral  wells  by  boring  from  150  to  300  feet.  Still 
the  mineral  waters  do  not  appear  to  be  confined  to  these  beds,  although 
possibly  more  abundant  in  them.  Our  list  mentions  springs  as  occur- 
ring in  nearly  two-thirds  of  the  counties,  and  the  reniaining  counties 
are  not  confined  to  any  one  portion  of  the  State;  so  that  it  is  possible 
that,  if  the  information  relating  to  them  were  more  complete,  tbey  also 
might  be  included  among  those  having  mineral  springs. 

The  great  majority  of  the  springs  are  still  unimproved,  although  many 
are  used  as  local  resorts,  especially  during  the  summer  season.  The 
reports  of  the  Kentucky  geological  survey  are  quite  complete  in  the 
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description  of  the  miDeral  springs  of  the  State,  and  Dr.  Peters's  chem- 
ical reports  on  them  have  furnished  a  large  proportion  of  the  analyses 
given  in  the  tables  in  this  paper.  Davies's  report  on  the  resonrces  of 
the  State  has  also  fnmished  considerable  data. 

Mineral  tpringa  of  Kentucky, 


Nameaadlocatkm. 

1 
1 

Flow  in  gallons  per 
hour. 

i 

ChanMSterofthe 
water. 

Remarks. 

ADw  Spring*,  Allen  Springa,  War- 

raiCoaoty. 
Alnn    Spriiiga,     near     Eacalapi* 

Alcm  Sprioea,    base  of  Bordett's 

Knob.  Boylo  County. 
BeacbTille  Springs.  BeachviUe,  Met- 

caJfe  County. 
BHlfocd  Springs.  Bedford.  Trimble 

County. 
Bu  Bone  Lick  Springs,  Big  Bone 

Lick,  east  of  Hamilton.  Boono  Co. 
BIr  Lick  Springs.  GallatiD  County  . . 

o 

Beaort 

.... 

Chalybeate 

Saline  and  aul- 

phnreted. 
Saline 

2 
3 
8 

60 

Used  commereially 

Saline,   sulpbu- 
..  do  .! 

and  as  a  resort. 

KoeLick  Spring  (lower).  Blue  Lick 
•^ptioga.  Nicholas  Count  v. 

Blue  Lick  Spring  (upper).  Daridson, 
Nicholas  County. 

Box  MoQDtain  Solpbar  SpringH,  4 
biilca  wcat  of  Morton's  (rap,  Hop- 
kins County. 

Brovn  Spring,  near  Crab  Orobard, 
LuicoId  County. 

Bryant  8  Spri  ngs,  near  Crab  Orchard, 
Uncohi  County. 

Bacna  Vista  Springs,  northwest  of 

nu^Uville,  Logan  County. 
Bq2i1o  Springs,  15  miles  southwest 

of  Big  Spring.  Breckinridge  Co. 
Barglier  s  Spring,  near  RnssellTille, 

Locso  County. 
CiapbilUville     Sulphur     Spring, 

CampbellsTille.  Taylor  County. 
Cmo  Gordo  Springs  B«*r  Bussell- 
^'»Tlle.  Logan  County. 
Cfmleso  Springs,  Cerulean  Springs, 

north  of  Wallonia,  Trigg  County. 
CkaktbMUtpriiiat: 

Kcar     Letcher     Court  •  House, 

1 
1 

800 
1,200 

02 
00 
08 

Saline 

Snlpho-saline... 
Sulphurated .... 

Do. 

• 

Chalybeate  and 
saline   sul- 
phnreted. 

_._    __ 



1 

Snlphursted 

Chalybeate 

1 

80 

56 

Bewvt 

1    «. 

56 

Saline 

Letcherf  Conntv. 
Soatbeast  of  Horganiield,  TTnlon 

County. 
In  Bath  (^nnty 



In  Bell  County 

In  Bn^thitt  County 

1 

InBollIttCountv 

In  Hancock  County* - 

Four  mOes  southwest  of  Hick- 

,  sun  (Coo»bs),  Fulton  County. 

In  Pulaski  County 

Nesr  Bminence,  Uenry  County  . . 

Siiii^^'chtdyii^' 
ate. 

In  Peny  County 

In  Jackson  Conntv 



In  Johnson  County 

XcarCnmberland  l^alls.  Whitley 

2 

Carbonated,  cha- 
lybeate. 

County. 
Chalvbi-atc  and  Saline  Springs,  on 
^  liameit'ft  Creek,  Ohio  County. 
Chameleon  Springs,  aooth  of  Browns- 

Tiile,  £dmonson  CJounty. 
CWr  Creek  Sulphur  Springs,  near 

Pmevme,B^5wpty, 

Sulphnreted.... 

1 

1 
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Mineral  gpringe  of  Kentucky — Continned. 


Name  and  location. 

1 

ft. 

t 
1 

Character  of  the 
water. 

Remarks. 

Crab  Orchard  Springs,  Crab  Orchard, 
Lincoln  Connty. 

Creel  White  Solphor  Spring,  Karion 

County. 
Crittenden  Spring,  Crittenden  Co. . . . 

Davia  Sprinic  or  Well,  5  miles  north- 

o 

Resort,      and     the 

Saline,   sulphu- 

Saline,     carbu- 
reted. 

Saline,  chalybe- 
ate. 

Saline,    snlphu- 
reted. 

Saline,  chalybe- 
ate. 

Saline,  sulphu- 

evaporated      salti 
used  commercially. 

1 
1 

75 

61 

Resort. 

east  of  Morton's  Gap,  Hopkins  Co. 
Drennon  Spiinss,  Drennon^  Springs, 

south  of  Port  Royal,  Henir  Connty. 
Oi-ipping  Sprlnms  Garrard  County, 

2  miles  enst  of  Crab  Orchard. 
Elusion's  Sulphur  Spring,  Madison 

County. 
Epsom  Spring,  near  Crab  Orchard. 

Lincoln  County. 
Epsom  Spring,  near  Bedford,  Trim- 
ble County. 
EecnlapiaSprlnga,  Esonlapia  Springs, 

Lewis  County. 
BstUl  Springs,  near   Irvine.  EatiU 

Connty. 
Foley's  Epsom   Spring,  near  Crab 

Orchard,  Lincoln  County. 
Vox  Springs,  10  miles  from  Flem- 

ingsbnre;  Fleming  County. 
Grayson  Springs,  Grayson  Springs, 

Grayson  County. 

GriKsby's    (R.  B.)   White   Sulphur 
Mineral  Spring,  Nelson  Countv. 

Hani  in  Spring,  Hardin  Springs,  Har- 
din County. 

BaTdinsvillo  Sulphur  Springs,  Har- 
dinsville,  Shelby  County. 

Harrodsborg  Springs,  Harrodsburg, 
Mercer  County. 

Hickman's  Springs,  sooth  of  Owens- 
borough,  Crow's  Station,  Daviesa 
Connty. 

Howard^s  Sulphur  Well,  near  Crab 
Orchard,  Lincoln  County. 

Howell    Mineral    Springs,   Hardin 
County. 

Indian  Spring,  near  Jones's  Mill, 
Grayson  Connty. 

Innis  Sulphur  Well,  7  miles  north  of 
Lexington,  Favette  Connty. 

James  Mineral  Spring,  near  Spring- 
field, Washington  Connty. 

Jesse's    Mineral    Well,   near  Ver- 
sailles, Woodford  Conoty. 

Kentucky    Alum    Springs,     Boyle 

Onoe  a  resort. 

5 

400 

56  to  50 

Resort 

8 

55 

Chalybeate,sul. 

phureted,  &o. 
Saline,   sulphu- 

reted. 

Do. 

6 
100+ 

Sulphnreted .... 
..  do    

Do. 

2.800-1- 

5gto«7 

Saline,   sulphu-' 

reted. 
Sulphureted .... 

....do 

and  as  a  place  of 
resort. 

1 

276* 

Resort 

Saline 

6 

Chidybeate,  sa- 
•  line,  and  sul- 
phureted. 

Saline,  chalybe- 
ate. 

Saline,   sulphu- 
reted. 
....do 

Sulphureted.... 

8 

Used  commercially. 

County,  02  miles  from  I^nisvilto. 
Kirk  Spring.  IjCwIs  County 

Kuttawa  Mineral  Springs,  near  Knt- 
tawfl,  Lyon  County. 

Latonia  E(prings,  4  miles  from  Cov- 
ington, Kenton  Connty. 

Lexinaton    Mineral    WeU,   Lunatic 
Asylum,  Lexington.  Fayette  Co. 

Linsey'n  Mineral  Spring,  ChristianCo. 

Louisville  (Dupont's)  i^rtesian  Well, 
Louisville,  Jefferson  County. 

Mammoth  Well,  Nelson  Countv 

4 

5 

1,200 

62 

Alkaline,     car- 
bonated. 

Sulphureted,  sa- 
line. 

Saline,    sulphu- 

Sulphnreted.... 
Salme 

Has    local    repnta- 

tion. 
Resort. 

71 

1 

Milldale    Mineral    Well,    MiOdale, 

Saline,    sulphu- 
reted. 
Saline 

Kenton  Connty. 
Miller's  Mineral   Well,   near*  Bar- 

boursville,  Knox  County. 
MinendMpHngs: 

At  Slick  Rock,  Barren  County . . . 

1 

1     .. 

In  Menifee  County 

:;:;;* ;  i ;::: 

Jn  Martin  County 
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Mineral  tarings  o/ir«fi<iidky— Contiiin«d. 


>aiidloo»tSon. 


I 


OhazMitt  of  the 
▼•tar. 


BttmU  miMff — Contiiiaed. 

AtiulnMa  oroMing.  OraenBiw, 
linootai  County. 


In  Lee  County. .. 
Id  MarduUl  Coanty 


rated. 


On  EetUe  Greek,  CnmberUnd  Co. 

In  Soberteon  Countv 

At  AUen  Springs,  warren  County 
In  Floyd  County 

At  Httmony,  Owen  Connty 

In  Henderson  Connty 

At  copper  mine,  near  Irvine, 

EstUICoonty. 

In  LsBae  Connty   , 

N«ir  New  Concord,  Calloway  Co 

In  Carter  County 

InClayCoanty 

In  Pendleton  Connty 

In  Powell  Connty  , 

Two  miles  from  DowiiingsTille, 

Graot  Connty. 
MinertU  lerUt : 

At  Walnnt  Hill,  Fayette  Connty. 

At  Ptint  Lick.  Garrard  County. 
Xear  Crab  Orchard.  LlncoiD  Co. 
it  Smith's  Grovo,  Warren  Co  . . 


At  Dr.  J.  Read's,  Madison  County. 
Tvo  miles  wc^atof  Nicholas  ville, 
Jeanamine  County. 
Kixed  Sprins,  i  mile  from  Dripping 

Sprinm,  Lincoln  Connty. 
Momr's  Springs,  near  Lewis,  Oa- 

tifii  Coiintv. 
XenVn's  Sulphor  Springs,  sources  of 
Salt  River.  Lincoln  Connty. 

OliTCT  Springs,  Darless  Connty 

Olnopian  Springs,  Olyropia.  Bath  Co. 

P«roqaet  Springs,  near  Bbepherdii- 

Tilk  BnlHtt  Connty. 
PoUard's  Mineral  Wt^U,  near  Crab 

Orchaid,  Liucfdo  Connty. 
Sobb's  Chalybeate  Spring,  on  Mas- 

lack  Creek,  McCracken  County. 
Rffkcaatle       Spring,       Rockcastle 

Springs,  Pulaski  County. 
aocbfster  Springs,  Boyle  County,  17 

milfA  from  Harrodsburg. 
B«jgh  Creek  Springs,  Grayson  Co. . . 
BoAscU  Solpbnr  Springs,  Russell  Co. 
^>alt  Salphnr.  B.ith  County 
^ItSnlphnr  Well.  KichohuTille,  Jes- 

nmine  County. 
^nbriau  Spnncs.  8  miles  southeast 

of  Bopkinsville.  Chiistisn  Connty. 
Strifes  Sprinps,  near  Sebi^e,  Web- 

iter  Connty. 


Weak. 
Saline. 


Saline,  anlphn- 


10  f- 


300 


M 


Saline 
Snlphnreted... 
Saune,  snlphn- 

Snlphnreted... 

Salme,  anlpha- 
roted. 

Saline,  chalybe- 
ate. 

....do 


Da 


25 


2 

2+i- 


&)cia]  Bill  Mineral  Sprin^r.  njl  Judge 
^  EM\'f^\  Muhlenberg  Connty. 
Jwiwder>  Spring,  near  Ciab  Orchard, 

Liocobi  <  bounty.  i 

8t  lienurd  Springs.  |  mile  northwest 

of  if*  rton'a  Gap,  Hopkins  County,  i 

»ui]<hit}i  or  Mud  Spring.  Mnd  Lick,  ' 

B.ith  County.  1 

n^-'lfJiw  tprings :  ( 

At  Sinking  Spring,  7  miles  from 

BiK  Spring,  Breckinridge  Co.     I 

In  IIanco<-k  Connty 

One  nilo  cast  of  Clear  Spring,  { 
Grsres  Coontj.  I 


Saline,  snlphn- 
leted. 


64toe2 


Saline,  snlphn- 
..'do.! 


Snlphnreted . 
Chalybeate.. 

...do 

Saline 


Saline,   enlphn- 

reted. 
Sulphnreted 

Saline,  snlphn-* 
reted,  and  cha- 
lybeate. 

Siuphnreted 


Da. 


LoealxMort 
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Name  and  iMwtfon. 

1 

1 

1 

1 

Si 
H 

Chancier  of  the 
water. 

— 

Sulphur  fprwiM-Conttnaed. 

In  Union  C<NUity 

o 

Beaort. 

In  iTaokffon  Oonntv 

Ill  John  MM  Cflnmtv 

In  Breathitt  Coonty 

Jn  Llvinffttion  Ooontv 

M 

Saline,  chalyba. 
ate. 

enborg,  limeade  Coon^. 
fibutbeaatof  Morgaafteld,  Union 

Coonty. 
Soothweat  of  Jefbraonville, 

Solpbor  Mineral  Well,  Fleetwood 

farm,  near  Frankfort,  Franklin  Go. 

Swinney'a    Chalybeate    Spring,   1) 

Edmonaon  Connty. 
Taliaferro  Springa.  H  milea  aontb- 
west  of  Morton's  Gap,  Hopkina  Go. 

Breckinridge  CoiLn|y. 
Trices  Salt  Sulphur  Well,  Hopkina- 

vlUe,  Gbriatian  Coonty. 
Waabingtou  Bell's  Solpbor  Spring, 

on  Solphur  Lick  Creek.  Nelaon  Oo, 
White    Salphor    Mineral    Spring, 

Marlon  Coonty. 
White  tulphur  tpringti 

At  CfoTemort.  Brockinridse  Co . . 

Chalybeate 

Chalybeate 

8a]inf 

1 

Do. 

* 

Saline,  solphn- 

InObioCoantv 

Da 

White  Solpbor  Well,  Salphor  WeU. 

Metcalfe  County. 
Willinms's  Mineral  Well  near  Yer- 

1 

Saline 

saiiles,  Woodford  Coonty. 
WilaoD's  Saline-Chalybeate  Spring, 

Lexington,  Fayette  Coonty. 
Tatea  Mineral  Sprine,  near  base  of 

Knob  Lick,  Boyle  Coonty. 
Yelvington  Spring,  Telvington,  Da- 

viess  Coontv. 
Yonne*s  Springs,  Yoong'a  Springs, 

Bath  Coonty. 

Alkaline 

Saline 

3 

68 

67  to  62 

Solphoreted..:. 

Do. 

Analyses  of  mineral  springy  in  Kentucky. 


«             Bryant's  Springs. 

Cooatitoenta. 

Chalybeate 
Foontain. 

1 
Knob          Pasture 
Spring.         Spring. 

Stvne'a 
Sulphur 
Spring. 

1 

Solidt. 
Calcium  carbonnt« 

Qraint  in 

1,000.* 

0.12 

0.02 

0.01 

Grains  in 
1,000.* 

Orainsin  \  thrainsin 
1,000.'      1      1,000.« 
0. 00    1           0. 06 

1 

Giainsin  1   ChraiMin 
I.OOO."     1      1,000.' 
0.09    1           0.48 

Mainnesium  carbonate 

Iron  carbonate 

Sodiora  sulphale 

Trace 
0.2L 
0.02 
0.10 
0.07 
0.93 

0.04 
0.02 

0.12 
0.02 

0.05 
Trace 

0.01 
0.02 
0.02 

Potansiam  nolphate 

Calciom  sulphate .. 

0.01 

0.03 
0.01 
0.07 
0.02 

0.01 

0.01 

0.02 

Trace 

Trace 
0.01 
0.18 
0.04 
0.01 

0.07 
0.97 

MagneHium  soiphato 

Sodiom  chloriile 

6.03 
0.09 

0.90 
0.28 

MfltTI*AHiiini  rhlmnHA 

SUlca 

0.01 

0.01 

0.04 

0.03 

0.09 

Total 

0.29 

1.34 

0.32 

0.27 

0.40 

2.84 

•  Bobert  Peter,  analyst 
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Crab  Orchard  Springs. 

Bine  Lick 
Spring 
(iTpper). 

^''^ssssas^sr' 

CoDstitaeots. 

Field 
Spring. 

Orove 
Spring. 

North  Side 
River. 

Soath  Side 
Birer. 

Soad*.     • 
Caldom  carbonate 

Gralntim 
1,000.« 
0.14 
0.13 

I      <^"{ 

0.02 
'     0.08 

Ormhtsin 
1,000.« 
0.10 
0.04 
0.01 
0.02 

gaUon.^ 
25.06 

Chrainsin 
1,000.« 
0.05 

€hrain$  in 

1.000.* 

0.04 

Mi<;DQaiiim  carbonate 

Maofraneflc  carbonate 

IroD  cArbonfttci        .     * 

0.14 

0.03 
\             0.01 

0.03 

' 

0.01 

PotasnuDi  Hnlphate 

CakiQEQ  ftulpbate 

a  01 

12.07 
44.13 



0.01 

•0.01 

Trace 

Trace 

Ibsnesiam  sulpbate 

6.07 

OOfl 

0.01 

.    ....       --—     '-"-. 

-    •H)  01 

*i.97 
51&M 
1.80 
87.72 
8.80 
0.10 
1.00 

Sodiom cnlondo    ........... 

0.01 

0.01. 

Trace 
Trace 

Trace 

PotAMfinm  oMorido  , , . ,  r ,  ^ .  - 

Trace 

IfAfrnesiiiiii  cbloride 

llr-<Tiift*iiini  limmifli    ... 



MaeDesioni  iodide 

Silica 

0.04 

0.04 
Trace 

0.03 

0.01 

Niiricacid    .     .- 

LOM 

.14.88 

0.04 

0.01 



Total 

0.44                  0.88    i           860.17 

0.18 

0.12 

Gates. 

Cubic  inehst. 
10.24 
60.11 

Cfuhioinehst. 

Carbonic  acid 

Conetitaento. 


Total 


Oases. 

Sfllpbnreted  hydrogen 
C&iboolcacid 


SoUds. 

^diam  carbonate 

Cilf  iam  carbonate 

llagBesinm  carbonate . 

Irao  carbonate     

Sodium  snlphate 

Potawinm  eolphate  . . . 

('Alcinm  anlpfaato 

Ma^incsium  sulphate . . 
Aluminiam  sulphate . . . 

Sotlinm  chloride 

Calcmm  chloride 

Alnmina - 

Silica 

Or|;aiiic  matter   


Estill  Springs. 


Bed  SalphuT 

Spring, 
near  saloon. 


Orains  in 

1,000.* 

0.02 

0:20 

0.06 


0.17 
0.00 


0.01 


0.09 


White 
Solphnr 
Spring. 


Ornins  in 

1,000.* 

0.08 

0.80 

0.01 


0.04 
0.07 


Red 
Sulphur 
Spring. 


Qraina  in 
1,000.* 


0.02 

0.02 

Trace 


0.01 


O.ll 


0.04 


0.01 


0.01 
0.04 


•0.02 

Trace 

0.05 


0.10 
0.11 


0.03 
0.04 


BhMk 
Sulphur 
Spring. 


Oraine  in 
1,000.* 


0.11 
0.08 
.0.07 
0.03 
0.02 


0.02 
0.C2 
0.04 


0.01 
0.06 


0.71 


0.69 


0.37 


0.41 


!  Oubie  inches, :  Cubic  inches. 
I  0.0045    I  0.003 

I  0.3256    I  0.360 


OubU  inches. 
0.012 
0.228 


Cubic  inches. 
0.085 
0.268 


Chalybeate 
Spring. 


Qraine  in 
1,000.* 


0.16 
0.05 
0  03 
0.01 
0.01 
0.28 
0.17 


0.01 


•Trace 
0.03 
0.14 


0.80 


Cubic  inches. 
0.260 


•  Robert  Peter,  analyst. 

^  J.  F.  Judge  and  A.  Pennel,  analysts  (1870). 

*  With  alnmininm  sulphate. 


'  With  alumina  and  peroxide  of  iron. 
•  With  trace  of  phosphates. 
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[mlLLdi 


Constitueiits. 


Spaom 

Spring,  nea 

Ci»b 

Oioluurd. 


Foley's 
Epaom 
Spuing. 


Sebree  Springs. 


Sn^hiir 
Spring. 


Chalybeate 
Spring. 


Eorb 
Spring. 


SoUdg. 

Caloinm  carbonate .... 
liagnesiom  oarbonate . 
Manganeee  carbonale . 

Iron  carbonate 

Sodlom  salphate 

Potasaiam  anlphate  ... 

Calcinm  sulphate 

Magneainm  salphate . . 

Sodimn  chloride 

Iron  oxide 

SiUca 

Organic  matter 

liOSS 


€frama  in 
1,000.* 
0.67 
0.12 


Graint  in 
1,000.* 
0.01 
0.18 


Grains  in 
1,000.^ 
0.218 
0.060 


Trace 
0.77 
0.07 
0.20 
8.45 
0.08 


Trace 
LOl 
0.17 
0.10 
8.62 
0.80 


0.148 
a004 
0.002 
a  057 
0.276 


Graing'in 

1.000.>» 

0.025 

0.018 

Trace 

a  030 

0.020 

a  004 

0.022 


Grains  per 
gaUon.^ 
1.21 
12.45 


2.77 


0.003 


0.06 


0.06 


0.50 


0.017 
0.008 


0.001 
0.006 


11.72 


4.38 


&48 


6.88 


0.885 


a  120 


35.33 


Bine  Lick  Spring  (Lower). 


Brown 
Spring. 


GravsoD 
Springs. 


Center 
Spring. 


SoUds. 


Sodiam  carbonate 

Calcinm  oarbonate 

Magnesinm  carbonate . 
Manganese  oarbonate. . 

Iron  carbonate 

Potasslam  anlphate 

Calsinm  snlphato 

Magnesinm  salphate . . . 
AJnmininm  solphate. . . 
Strontium  sulpnate  — 

Barium  salphate 

Manganese  sulphate. . . 

Iron  sulphate 

Sodium  Diborate 

Sodium  chloride 

Calcium  chloride 

Potassium  chloride 

Lithium  chloride 

Magnesium  chloride  . . . 
Magnesium  bromide . .. 

Magnesium  Iodide 

Sodium  sulphide 

Potash 

Soda 

SUica 

Lithium 

Iodine 

Bromine 

Organic  matter 

Loss 


Graintin 
1,000.* 


0.8850 
0.0022 


'O.OOSS 
0.1610 
0.5588 


8.8473. 
*0."0227' 


0.5272 
0.0030 
0.0007 


0.0179 


j        0.2821 


Grtrina  in 

1,000.* 

0.0140 

0.8184 

0.02U 


Gratna  in 
1,000.* 


<0.0086 
'6.' 5608' 


0.12 
0.02 
Trace 
0.03 
0.08 
0.02 
0.11 


Grains  in 
l.OOO." 


a  17 
Tracs 

Tra« 


0.0011 
0.0002 


1.17 

0.58 

•Trace 


*Tr»oe 


0.0298 
8.8571 
0.0606 
0.1860 
0.0060 
0.4864 
0.0195 
0.0003 
0.0307 


ao2 


0.19 


0. 0149 


0.04 


0.4573 


0.05 


0.'.« 
Tncf 
Traw 
Trace 

Tra«i 
Trace 


Total  . 


10.8000    j 


10.5580 


0.44 


2.17 


Gates. 


Sulphureted  hydrogen  . 
Car Douic  acid 


0.3047 
0.3547 


I  TJndoterm*d 
....do 


0.1]» 


*  Robert  Pctor,  analyst  (1850). 
"» A.  M.  Peter,  nnaly'iit  (1877). 


'  E.  S.  Wayne,  analyst  (1884). 

•>  With  alumina  and  calcium  phosphates. 
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Calcinmc 

MaisDeftiiua  oarbonate. . 

Manganete  earbonftte . 

Iron  carboDSte 

Sodium  Bolpluite 

Potaatfum  sulphate 

Calciam  Bolplute 

MagMtiiiin  snlphAte  . . . 
KugBiMM miph»te  ... 

IroB  tnlphttte 

Sodiam  chloride 

UjgBeflinm  chlorfde 


PotMh 
Soda.. 


Lithlttm. 
Iodine  .. 
Bromioe. 
OrgaDk 


Total 

inreted  hydrogen  . 


icaoid. 


Greyeon  Springa. 


McAtee 
Spring. 


1,000.* 
0.18 
Trace 

I  0.01 

0.02 

Tr»c« 

0.45 

0.40 

NL02 

0.02 


Trace 
Traoea 

Trace 


Morenum 
Spring. 


Oraint  in 
1,000.* 
0.20 
0.05 

0.01 


Jar  Spring. 


Oraina  in 
1,000.* 

a  10 

0.03 
0.01 


0.45 

a88 
KTrace 


0.02 
0.O4 

Trace 
0.01 

Trace 

Traces^ 


1.10    I 


1.10 


0.0208 

a  1600 


0.0248 
0.1234 


Trace 
0.51 
0.58 

*Traoe 

0.08 


0.02 


Trace 


Ol23 


1.02 


0.0205 
0.2020 


Stump 


By.  Spring.       |™S» 


OrtUnwin 
1,000.* 
0.10 
Trace 

0.01 

0.02 

Trace 

0.67 

a76 

»Trace 

ail 


0.01 


0.01 


0.03 


Oraina  in 
1,000.* 

0.20 
Trace 

0.01 

0.04 

Trace 

0.63 

0.61 


Trace 

Traee 


Trace 


0.02 


1.51 


0.0410 
0.1650 


Conatltaeiita. 


Qrayaon  Springs. 


White 
Solphar. 


Hymeneal 
Spring. 


Book 
Spring. 


Artesian 
Well. 


Chalybeate 
well  at 
Springs. 


Chalybeate 
well  near 
Springs. 


Cakraox 

Usinwsium  oarbonate. . 
Haniwiese  carbonate  . 

Iron  carbonate 

Sodium  solphate 

Potassium  anlphate  . . . 

*'  Irinm  solpluite 

M  ^TDt^iiuu  sulphate . . 
Vooganeee  anlphate  . . . 

Iraasalphato 

Sodinm  clilorlde 

I'oUssiom  chloride  .... 

Sodiom  sulphide 

Sihca \^....:.. 

Organic  matter , 


Qraintin 
1,000.* 
0.18 
Trace 

}        0.0l{ 


Qraim  in 

1,000.* 
0.15 
(•) 


0.05 
0.65 

I  ^Traces 

0.02 


0.01 
0.00 
0.88 

■>Tracea 

0.02 


Oraint  in 
1,000.* 
0.17 
0.U1 

I        0.01 

0.08 

Trace 

0.59 

0.47 

^Traces 

0.01 


Qraina  in 

1,000.* 
0.14 
0.02 

0.01 


1.30 
0.88 

Traces] 

aso 


Grains  in 
1,000.* 
0.12 
Trace 

0.01 

Trace 

Trace 

0.01 

Trace 


Oraina  in 
1,000.* 
0.26 
Trace 

0.08 

1.18 
0.06 
a.  88 
0.74 


0.02 
0.08 
0.18 


0.02 


Trace 
0.01 
0.15 


0.08 

0.08 

Trace 


0.01 
0.01 


0.15 


Trace 


0.03 


Total 

0tu. 

Salphnreted  hydrogen  . 


1.74 


1.90 


1.45 


2.71 


0.16 


4.78 


0.0270 


0.0880 


■Robert Peter.    ^Wlthphoephates. 

Ball,  32 ^ 


•  Not  eatimated.    '  With  alumina,  sulphate,  and  phosphate^. 
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[BUU^C 


Andlifses 

of  mineral  springs  in  Kentucky 

— CoDtinned. 

Harrodaburg  Springs. 

Howard'a 

Sulphur 

Well. 

Kentucky 

Alum 
Springs. 

Sllifittm's 
Kulphar 
Spiing. 

Indian 
Spiinp. 

ConsUtaeDti. 

Saloon 
Spring. 

Grenrille 
Spring. 

Oraint 

SoUdi, 

Qraim 
per  gallons 

Grain* 
in  l.OOO.* 

Grain* 
pergaUon.* 

Part* 

inl,060.* 

0.10 

a20 

0.03 

GrainM 
in  1.000.^ 

23.92 
2.08 

4.80 
22.96 

6.6i 

0.07 

0.01 

MAfiuftn*<fiA  ('Arlimi&tA 

Tiaoe 

}     .»... 

Iron  carbonate  

2.88 

•»0.02 

BtMlmin  HulDhate         .     .... 

...  • 

4.76 

0.D7 

40.26 

Trace 

Trace 

1.71 

14.89 

0.53 

Tnf. 

Pot  aiiHinm  aulohate   



0.01 

0.43 

Traro 

CalclutQ  aalpbate     

HngDeaium  sulphate 

AlumiiiiQiii  aaiphate 

223.86 

88.48 
120.28 

0.07 

0.01 

Tiac« 

AmiuoDiam  eulpiiMte 

Manffaiif  ae  aQli>liate 

Iron  aulDuAte  .............. 

Iron  pcraulphate 

Sotliam  chloride 

9.02 

Trace 

0.02 

6.82 
0.01 
0.04 
0.00 
Trace 

ao4 

Calcium  chloride 

l^otaAflinm  chloride 

Traor 

MairDeaiain  chloride 

Hodlam  aalphide 

AlamiDa 

Trace 
0.02 

Silica 

1 

8.50 

Trace 

Trace 

0.33 

0.01 

Btrontium 

Lithium 

Oricanic  mattf^r 

Trace 

Loss    

1 

0.02 

Total 

840.08 

245.52 

0.16 

66wl2 

1.58 

0.14 

No.  1. 
Alum 
Spring. 

No.  2. 

Alum 

Spring. 

Hickman* 

s  Springs. 

Conatitaeiits. 

No.  3. 
Sulphur 
Spring. 

No.  4. 
Brick 
Spring. 

No.  5. 
Yellow 
Spring. 

No.l 
Sweet 
SpriBfc. 

Sotidt. 

rj^Miim  OArlMnfitfA     ^ . . . ... 

Grain* 
in  l,OOO.k 

Grain* 
in  1,000.^ 

Grain* 
in  1,000.^ 
0.11 
0.02 
0.46 
Trace 
0.13 
0.16 

Grain* 
in  1.000.^ 
0.12 
0.03 
0.!>0 
0.01 
0.08 
0.11 

Grain* 
in  1,000.0 
0.03 
0.02 
0.21 
0  01 
0.14 
0.07 

Graint 
*»  1.000.* 

Ms'nieninm  carbonate  ..... 

Sodium  sulphate...... 

0.07 
Trace 
0.60 
0.33 
1.25 
Trace 

a88 

Trace 
Trace 

Trace 
Trace 

0.30 
0.01 
0.39 
0.38 
0.88 
0.01 
0.05 

o.'oi* 

Trace 

Trace 

0.03 

Pot  tasiiim  sulphate 

GalciuTP  aulohate 

a  01 
0.33 

l£a?Desium  sulphate 

Aluminium  aaiphate 

Miufcanese  sulphate 

Irtm  ptrranlphate. 

a -5 

0.33 

cor 

(lv^ 

Cofiper  aulphate 

6.08' 

'Trace 

0.02 

Trace 

0.04 

0.'62** 

'Trace 

0.03 

Trace 

Trace 

0.01 

'Trace 

0.03 

Trace 
0.03 

SodiniE  chloride 

o.tf 

Iron  oxide 

Silica   

Trarf 

Lithium :.. 

Trace 

Organic  matter 

ai» 

Total 

8.13 

,.« 

1.02 

0.00 

0.55 

L41 

*  Kaymond,  analyst. 

0  Bobert  Peter,  analyst. 

•  Dr.  L.  D.  Kastenbine»  analyst. 
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*  With  phosphoric  acid. 

*  With  phosphates  and  alnmisA. 
'  With  manganese  oride. 
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Anaijf9e9  of  minenil  gpringe  in  Keniuekjf — Continaed. 


LoaiaTllle 
ArteelMiWeU. 

MiUdale 
HineialWelL 

MineralWeU.   SulphwWeU 
Smith's  Groye.     j.^'JSit. 

aoUdt. 

Oraim 
ptrgaUmn,*^ 

Grains 

Grains              Grains 
in  1,000.'      1      in  1.000.« 

0.04                        0  04 

2.78 

rUdam  oarfaonate 

0.15    I                    0.9Ji 

Sl90 

KAiniMiDOi  oari>oDftt6 

L20 

0.02 

Trace 

UnffiMMiniin  McAfhnn&t* 

2.76 

StrtHii  lom  fiarbonate 

Trace 

0.85 
72.80 

8.22 
29148 
77.84 

1.80 

1.54 

Sodinm  salphate 

6.02 

Trace 

0.10 

0.29 

1.22 

0.11 

Alnnitninin  tnlphatn.... 

Sodiam  chJonde 

e2L58 
66.78 
4.22 

500.26 
11.28 

A.  AS 

0.05 

0.  or* 

Calelum  chloride    

0.08 

0.01 

Utbium  chloride     

0.10 ' ITotBatlmitorf 

^inieaiani  ohloride 

14  78 
1.21 
0.47 
0.86 
0.80 
0.71 

&42 

0. 02 

Sflica  

Trace 
^ 

Trace 

Trace 

Xitrieecid 

Trace 

Lost 

&12 

0.26 

Total 

016.57 

531.08 

0.92 

0.5L 

2.01 

6l17 

0.78 

CuWicaGid.....r. 

NlUogen l-M 

Mnmy'8 
Springe. 

Paroqaet 
Springs. 

PolUrd'B 
Mineral  WeU. 

Mineral  Sprinjc 
near  Irvine. 

Solids, 
Sodmin  carbonate...... 

Chains 
in  1,000." 

Grains 

pergaUon.^ 

0.38 

2.40 

1.50 

Grains 
in  1,000.* 
0.02 
0.14 
0.15 

Grains 
in  1,000." 

Calcinm  carbonate 

0.12 
0.01 

0.63 

tfacnesium  carbonate 

0.04 

Vaneiinf^m  carbonate 

0.02 

Iron  cjibooate 

0.02 
0.05 
0.04 
0.02 
0.08 

0.18 
2.41 



^•rlitim  nolphate 

Caldam  ealphate 

.H^iniMium  snlnhate 

0.07 
Trace 

0.04 

2.28 

0.55 
4.52 

A:iiminmm  solphate 

0.49 

309.60 

67.71 

0.48 

v^Mlinm  chloride 

6.01' 

0.69 
6.02" 

0.80 

ralcium  chloride 

0.08 

Poiauiam  chloride 

Li. h -.am  chloride 

Trace 

MagDCfliam  chloride 

48.08 
0.81 
0.18 
0.16 
0.25 

0.12 

Va£ueainm  bxvimide............ 



ScMlinm  iOdide        . 

UajEoeatnm  iodide 

Alamhia 

Trace 
0.02 

Silica 

8.90 
2.14 

0.01 

0.07 

Orjjanic  matter 

Pno^phoric  acid 

Trace 

Lo« 

1.47 

Total 

0.87 

442.40 

1.22 

7.67 

Gases. 

0.80 
0.06 

cXaicaSd..?^r!v.::::::'.:::::::;;:;; 

• 

"  J.  lAwrence  Smith,  anal.Yst 
^  |(u  S.  Wayne,  analyst 


(243) 


"  Robert  Peter,  analyst  M 
*  Robert  Peter,  analyst  (R91^. 
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[BULL.  82. 


C<Miftlta«nto. 


SafidM, 


Sodhon  cwrboiuite 

Calcium  carboiiAte 

Magneaiam  o»rbou»te 

Strontiain  oarboDAte 

Manganeee  carbonatA 

Iron  carbonate 

Bariam  carbonate 

Sodium  eolphato 

Potaaaiam  anlphate 

Calciam  aalpbate 

HasneRinm  solpbato 

Kodinm  chloride 

Calciam  chloride 

Potaeeiam  chloride •. .. 

Lithium  chloride 

Maicneainm  chiodde 

Sodinm  bromide 

Sodium  iodide 

Sodinm  enlphide 

Alnmina 

Silica 

Iodine 

Bromine .▼. . 

Boracicaeid-. 

Phosphoric  acid 

Loes  and  organic  matter 


Total 


Solphareted  hydrogen . . 
Carnonlc  acid 


Olympiaii  Bpitaiga. 


Salt  Solphnr  Spring. 


Porte 
in  1,000.* 

a230 
0.124 


Trace 


Partt 

in  1.006.^ 
(') 

0.1976 
0.0606 
0.0045 
'Trace 
0.0025 
0.0128 


Trace 


2.847 
6."i88" 

'6.'mo' 


Trace 
0.018 
Trace 
Trace 


1.348 


54.708 


Prenent 
0.318 


0.0088 


48007 
0.0218 
0.0355 
0.0008 
0.1089 
0.0166 
Trace 
Trace 
0.0006 
0.0282 


Blaok  Sulphur  Spring. 


PArte 
in  1,000.« 
0.254 
0.114 
0.006 


Trace 


0.002 


Porte 
in  l«OOO.k 
a8247 
a  0156 
00046 


'Trace 
0.0024 


0.012 
0.127 


0.0026 
0.0031 
A  0061 


0.048 


Trace 
Trace    i 
0.0840    ' 


0. 1218 


Trace 


Trace 
Trace 


0.0194 


Trace 
Trace 
0.0164 


5.4168    I 


a568 


0.0011 
0.2400 


Present 


0.6098 


0.0012 
0.2781 


White  Sol- 
phur  Spring. 

MainChalyb. 

eate  Spring. 

Main  Chalyb- 
eate Spring. 

Chalybeate. 
Spring. 

SoMm. 
flndinin  n&rYwffiAt^ 

PairU 
in  1, 000.* 
0. 8118 
0.0744 
0. 0316 

Orain» 
in  1.000.0 

6.0996" 

0.0143 
Trace 
0.0242 

Oraint 
in  1,000.* 

(Traifu 
in  1,000.- 

Caloinm  carbonate 

0.101 
0.022 

0.0800 

Hagnealum  carbonate 

0.0103 
Trace 

Iron  oart>onate 

f^ 

0.0100 

Sodium  sulphate 

0.0408 
0.0133 
0.0030 

0.0238 

Potaaaium  sulphate 



0.0125 
0.0564 
0. 1170 
0.0308 
Trace 
0.0031 

0.070 
0.020 
0.021 
0.085 

0. 0117 

Calcium  aulphate     

0.0366 

0.0603 

So<^am  oWoride 

0.1326 
Trace 
0.0071 
Trace 
Trace 
Trace 
«0.0021 
0. 0116 

0.0060 

Lithium  caloride 

Trace 

Mameeium  chloride 

Sotuiim  bromide 

Sodium  iodide    

.'.'..'.'.'  '.'.'".'. 



Sodium  aalphide 

1 

Alumina 

Silica     

0.088a 
Trace 

0.107 

0.0198 

Trace 

Boraoic  acid .  . 

Trace 
Trace 

Trace 
0.0194 

Trace 

Loss 

0.0168 



Total 

0. 6286 

0.4097 

0.876 

0.2933 

HydrojraB  sulphide 

?i 

Carbonic  acid 

0.1214 

"Present 

a  1260 

•  Bobert  Pgter,  analyst  (1861). 
^Bobert  mer,  analyst  (1880). 


•  Not  estimated.  •  Bobert  Peter,  analyst. 

'  With  phosphoric  acid.      '  With  iron  and  maagaaese  carbonates. 
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ConatitaeBto. 

Olympian  Springe. 

Salt  Lick. 

SpeomWelL 

Tea  Spring. 

Kitchen  WeU. 

Sodium  owbanate 

Pit.  <n  1.000.*  Pt9,  in  1,000.* 

0.28    ! 

Or#.  in  1,000.* 

Pte.<n  1,000.* 

0.54 

0.05 

0.0.1 

Trace 

PCt.inl,000.« 
Trace 

ralnnm  oartMmate ....t 

0.18                   0  03    1               0.02 
0.05                       0.'i2     1                  0.01 

0  19 

Miiniesiiim  carbonate 

0.10 

8trnitixiin  carbonate . . 

Trace 

•Trace 

•Traoe 

0.01 

Trace 
Trace 
Trace 



Iron  carbonate 

Trace 

Trace 

i.86 
0.04 
0.58 
2.60 

0.02 
0.03 
0.01 

?ntamlain  iinlphate 

,• 

0.27 

ral«ix?in  vqiphate     

Trace 

0.01 

M^k^Minm  mslphate  . , 

^^r^tiqm  *nlp&M,e 1 

Traoe 

i«x»n  ffniphate'    

Trace 
0.88 

Sodiun  chloride 

4.71 
0.02 
0.04 
Trace 
0.12 
• 

0.04 

0.15 

4.25 

Caldom  chloride  

Traoe 

0.06 

Uthiam  chloride 

Trace 
Trace 

0.56 

Sofiam  Milpbide 

Aiqmhia  .' 

Traoe 
0.08 

Silica 

ao2 

Trace 

Trace 

0.01 

<0.08 

«0.03 

0  04 

Rramlne 

Ror»flifl  i^0i4 ,  .  .  .    

■Ttace 

Trace 

Locs 

Total J.... 

5.39 

6.28 

0.55 

0.87 

5.47 

Rookcaaile 

Chalybeate 

Spring. 

Sowder'e 
Spring. 

Trioe'eSalt. 

Snlnhor 

Wen. 

Hineral 

Well, 

WalnntHill. 

Williams's 

Mineral 

Wen. 

Sbdiitm  carbonate  ..^.^ -- 

Plfcinl,000.* 

6fr».tn  1,000.* 

Plfcinl,000.* 
0.24 
0.12 

ao8 

Trace 

Trace 

0.58 

Or*  Ai  1,000.* 
Trace 
0.18 
0.04 

flfr».<»  1,000.* 

Ciicfinn  carbonate 

0.0488 
0.0148 

0.51 
0.38 

Titu^e 

iffagiy^Tim  carbonate.  .  -  - .  * t - 

Trace 

4^CD  carbonate           

0.0145 
0.0581 

Traee 
0.40 
0.30 
1,57 
2.89 
LOO 

Trace 

sodipno  nnlphat'e  , 

PifCUAinm  imlphatn    

Calcium  anlpliate 

0.0029 
0.0086 
0.0026 

0.12 
0.48 
8.86 

0.34 

SwUam  chloride 

4.01 
0.01 
0.08 
0.32 

2.34 

Cafeiom  ohloride 

a82 

Potasfliiim  chloride 

Trace 

0.01 

MafT>«ffnin  <^h1orf^A 

0.28 

ibinefliom  iodide 

Trace 

Trace 
0.01 

Ahi|T^fl»  ......                  .      , 

fflS^.:::::::::::;::::::::. 

a  0128 

0.02 
Trace. 
Trace 

^).60 

Iodine    

Bromine. r,,  

Traoe 
Trace 

Boneieaeid 



Total    

0.1481 

7.15 

4.84 

4.95 

a55 

*Bol>6rt  Peter,  analyst 
^Robert  Peter,  analyst  (1877). 
•  Bobert  Peter,  analyst  (1880). 
'  Bobert  Peter,  anaJfyst  (1861). 


•With  phosphates. 

'With  loss. 

(Kot  estimated. 

^  With  snlphario  acid,  bromine,  all 


(246) 


Digitized  by 


Google 


118 


MINERAL   SPRINGS   OF   THE   UNITED    STATES. 
Analyses  of  mineral  springs  in  Kentuoky — Continaed. 


[bull  31 


Constitaents. 

Mineral 

WclL 

Paint  Lick. 

Bnrj^ber'a 

Spring,  or 

Fountain 

of  Life. 

Clear  Creek 
Sulpbnr 
Springa. 

DaTia 

Mineral 

WelL 

Kuttawa 
Mineral 
Springa. 

WilBon'i 

Salia6-Chfr 

Ijbe^e 

Sprinfr 

Sodimii  carbonattt 

0.28 

0.08 

Trace 

Trace 

Partt  in 
1,000.« 

Partt  in 

1,000.« 

0.03 

0.04 

Trace 

Orainsper 
gtUian.^ 

PartMin 
1,000.« 

Qnituftf 

Caloiam  carbonate 

1        0.04{ 

.0.16 

0.93 

MftgneBinm  carbonate 

Iron  cai'bonaie 

14.63 

152 

Alkttlinf^  carbonated   

L19 
0.20 

Sodium  anlnhato  ... 

0.03 

0.07 

.   0.03 

0.02 

0.94 

1.76 

71.23 

43.47 

83.16 

PotvAfifini  fltilpbate  . .  ..... 

Calcium  salpbate 

L19 

0.94 

Trace 

Trace 

Trace 

0.01 
0.02 

6."39*" 

IM 

Magneainm  snlpbate  ........ 

Alaminium  sol  nb  ate 

1.0 

Tjtthfnm  nnlnhfttA 

Iron  Bulpbate 

■ 

9.21 

aii" 

i'is  * 

Sodium  BQlnbate 

CAlclnm  phoftpbate 

Trace 
0.46 

6.'09" 

6.  si' 

Sodium  clilorfde 

&3i 

Calcium  cbloride 

Trace 

3X« 

PotaMinm  cbloride 

2.S0 

Masneaium  cbloride 

1 

17.86 

Mf^frneaium  bromide  , 

e.7S 

Alntmina  , . . .  t 

t 

1.20 

gilioa 

0.04 

0.01 

0.01 

0.74 

'              L48 

Sillcatea 

0.05 

Organic  matter 

0.86 

Total 

0.96 

2.92 

0.11 

217.18 

4.06 

81S 

(Toe 
Carbonic  acid 

1 

8.09 

Cub.inda. 

33.  H 

■  Bobert  Peter,  analyat. 


>>B.  S.  Wayne,  analyst  (1882). 


ARKANSAS. 


«  J.  P.  Bamam,  analyat 


Among  mineral  spring  States  Arkansas  occupies  a  prominent  place. 
The  repatation  of  her  famous  Hot  Springs,  which  have  been  more  or 
loss  improved  and  utilized  for  medicinal  purposes  since  the  early  part  of 
the  century,  has  attracted  attention  to  the  subject  throughout  the  State 
and  has  led  the  people  to  appreciate  the  value  of  their  springs. 

Although  a  large  proportion  of  the  springs  have  been  improved, 
very  few  appear  to  have  been  subjected  to  quantitative  chemical  analy 
sis.  Only  five  are  given  in  the  table.  The  list  of  springs  is  based 
mainly  upon  data  obtained  from  Owens's  geological  reports  of  Arkansas, 
supplemented,  as  in  the  case  of  most  of  the  other  lists,  by  information 
derived  directly  from  persons  interested  in  the  various  springs.  Of  the 
springs  whose  general  character  is  known,  probably  half  are  chalybeate 
and  nearly  that  number  are  also  sulphureted. 

Only  about  five  are  utilized  commercially  at  present. 
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Mineral  springs  of  Arkansas, 


Name  and  looatioiL 

1 

1 

i 

1 

t 
I 

Character  of  the 
water. 

Bemarks. 

Alom  Spring,  8  miles  went  of  Camden, 

Onacnita  Coonty. 
ArmalroDg   SpiioK,  8  miles  west  of 

Searcy.  White  County. 
Baker's  Spring,  section  14,  township  5 

soQtb,  range  80  west,  Howard  Co. 
Black  Sulphur  Springs,  Van  Bnren  Co. 

o 

1 

01 

Saline,  sulphn- 

Resort 

Bhinchani  Springs,  BUmchard  Springs, 
Union  County. 

Blanco  Springs,  12  miles  northwest 
of  Hot  Springs,  Garland  County. 

Blood  Spring  (Byder's),  Montgomery 
Count)-,  50  miles  west  of  Hot  Springs. 

Blowing  Springs,  0  miles  southwest 
of  Springifleld,  Conway  Count]r. 

Bog  Springs,  near  Paraclifta,  Sevier  Co. 

Britt's  Springs,  Union  County 

Bull  Dog  Mineral  Springs,  Montgom- 
ery  County. 

Bussey*s  Mineral  Spring,  near  El  Do- 
rado, Union  County. 

Butler's  Mineral  Spring,  near  Magno- 

17 
3 

1 

i;7oo 

Saline,  Ac 

Da 

2.000 

65 

Saline,  chalybe- 

ate. 
Sulpbnretedf... 

Do. 

Uni  mproved. 

Da 

Saline,  chalybe- 
ate. 
....do 

08 

lia,  Columbia  County. 
Cantrell  Springs,  9  miles  fh>m  Phie 
Bluff,  Jeifers«m  County. 

iNear  Benton,  Saline  County 

Da 

Near  Danville,  Yell  County 

02 

Saline,  chalybe- 
ate. 

Near  Benner's  Mill,  Franklin  Co  .. 

Da 

Near  Huntsville,  Madison  County. . 

Saline,  chalybe- 
ate. 

ChaiybiMiteir.'' 

Near  Malvern.  Hot  Spring  County. . 

Near  Rose  Bud,  White  County 

At  Peach  Orchaid  6s p,  White  Co. . 

...... 

•••'io" 

"58 

Used  locally. 

At  Springfield,  Conway  County 

Chalybeate  and 
snfphnreted. 

In  Soott  County : 

In  Van  iJuren  County  ..« 

Near  White  Rock,  Franklin  County 

Unimproved. 

Fire  miles  southeast  of  Harris-" 

Chalybeate 

Saline,  sulpha- 

Do. 

burg.  Poinsett  County. 
Chalybeate  Hill  Springs,  Scott  (f )  Co  . . 

Cherokee  Springs,  Benton  County 

Cluster  Springs,  3  miles  east  of  Hot 

15+ 

Chalybeate 

Alkaline,     snl- 

phureted. 
Chalybeate  and 

saline. 
Sulphureted,  sa- 

line. 

Resort. 

,    Springs,  Garland  County. 
Crawford  Sulphur  Springs,  nesr  Sump- 

ter,  Bradley  County. 
Crystal  Mineral  Springs,  near  Crystsl 

Springs,  Montgomery  County. 
Dardanelle  Sulphur  Springs.  11  miles 

west  of  Dardanelle,  Y  ell  County 
De    Soto  Mineial   Springs,  De  Soto 

70 

4 

uo 

Local  resort 

Springs,  Searcy  County. 
Dovepark  Sprincs,  Hot  Spring  County, 

near  Dovepai  k. 
Bdmonitsoii    Springs,    near    Jordan- 

biook,  Sevier  County. 
Eldoi  ado  Springs,  Beuton  County    . . . 
Bugland'H  Mineral  Well,  near  Harris- 

12 

2.100 

Used  oommeroiallyand 

.... 

Alkaline,"  "suV-* 
phureted. 

as  a  resoru 
Unimproved. 

Da 

burg,  Puinsett  County.' 
Bzcelsior     Springs,  near     Yellville, 
Marion  County. 

Eureka  Springs,  Eureka  Springs,  Car- 
roll  Connty. 

Bhn  Store  Springs.  Ehn  Store,  Ran- 
dolph County. 

Fsirohild's  Potash  Sulphur  Springs, 

8 

25 

2,710 
880 

1,075 

Usid  locally, 
as  a  resort. 

if 

Calcic 1 

Da 

Potash  Snlphnr,  Gsrland  Coonty. 
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Mineral  $pring$  of  ArkoMOB  —  Continaed. 


[BULL& 


Nane  and  looatkm. 


Flood's  ChAlybeato  Spring*  10 
north  of  Crystal  Springs,  Montgom- 
ery County. 

Q*p  Springs,  Howsrd  Coonty 

Gillen's  White  Snlnhnr  Hjpring.  8  mOes 

east  of  Hot  SpnngH,  Gtirlsnd  Co. 
Grsy's   liineral   Spring,    section  20, 

township  b  north,  range  29  west,  Scott 

County. 
Green's    ChaKheate    Springs,    near 

BnckTlUe,  Montgomery  Connty. 
Gnm  Springs,  Gnm  Springs,  Cleveland 

Goonty. 
Hickory  Creek  Sulphnr  Spring,  near 

Hickory  Creek,  Hempstead  Co. 

Hot  Springs,  Hot  Springs,  Garland  Co. 

Hnbhaid's  Mineral  Spring,  3  miles 
north  of  Prairie  D^Anne,  Hemp-, 
stead  County  (t). 

Hutchinson's  Sulphur  SpriniA,  Mont- 
gomery Coun^,  near  Big  Fork. 

Iron  Sulphur  Spring,  Inin  Springs, 
Mont^niery  County. 

Leay's  BpriuRs,  5  mileii  north  of  War- 
ren, Bradley  County. 

Lee's  Springs,  10  miles  from  Ptne 
Blufl;  Jefferson  County. 

Lemon's  Chalybeate  Springs,  Mont- 
gomery County. 

Mammoth  Spring,  Fulton  County 

Mattock's  Spring,    8   miles   west  of 

Princeton,  Dallas  County. 
May  bury  Springs,  Montgomery  Coun- 
ty, 17  miles  west  of  Hot  Springs. 
Miiural  tpringM : 

In  section  IG,  township  12  south, 

range  10  west,  Bradley  County. 
At  Clear  Spring.  Clark  County  .... 

A  t  Crystal  Springs,  Montgomery  Co 

At  Forrest  City,  St  Francis  County 
Five  miles  south  of  Harrisbnrg, 
Poinsett  County. 

In  and  near  Mineral  Springs,  How- 
ard County. 
At  Mineral  Springs,  Howard  Co  . . . 
Thirteen  miles  from  Van  Buren, 
Crawford  Coonty. 

In  Sharp  County 

In  section  9,  township   5  north, 

range  18  west,  Perry  County. 
In  section  25,  township  10  south, 
range  25  west,  Hempstead  Co. 
Mitchell's  Chalybeate  Springs,  Stone 
Quarry  Creek,  Vot  Spring  County. 
Mountain  Valley   Springs,   12    miles 
northwest  of  Hot  Spraigs,  Garland 
County. 

Mount  Nebo  Springs,  6}  miles  from 
Dardanelle,  Tell  Oonn^. 

National  Springs,  National,  Logan  Co. 

Newton  Springs,  section  26.  township 

3  north,  range  12  west,  Pnlaski  Co. 


1 

1 

59+ 


\* 


I   800> 


m 


560 


64 


190+ 


48 


70 


Saline,  chalybe- 
ate. 


Alkakne,  saline. 


Calcic 

Sulphureted,  s»> 

line. 
Saline  ...». 


Sulphureted, 
chalybeate. 

Sulphureted  and 
oualybeate. 


Chalybeate  . 


Sulphureted, 
chalybeate,  &s^. 


Saline 

Alkaline,  saline 
Calcic 


Chalybsat*. 
Chiiiyb«ito'I 


Ba 


Da 


Used  locally. 


Unimproved. 


Resort 


Uuimnruved. 


X 


Used  commercially  and 
as  a  resort 


Basort 
Da 


(248) 


Digitized  by 


Google 


ABEANSA8. 
Mimeral  sprimgi  of  Arkanmu  —  Contiiiaecl. 


121 


^ame  and  Iboatlon. 

1 

i 

i 
1 

Character  of  the 
water. 

Bemarka. 

Pennywlte  Snlphnr  Springs,  Crawfoid 

County. 
Perryrille  Salt  Well,  Peiryville,  Perry 

County. 
Kaboam  Sulpbur  Springs,  Monut  Ida, 

Montgomery  County. 
Kavendcu  Springs,  Ka^enden  Spi  ings, 

Bandolph  County. 
Bice's    Spiiug    on  Mud  Creek,  Ran- 
dolph Cfonnty. 
Beaton's  Chalybeate  Springs,  section 

A,  township  7  south,  range  25  west, 

Pike  County. 
Saratoga  Springs,  Saratoga,  Howard 

Sawyer's' Spring,  2^  miles  east  of  Ehn 

Sooby's  Springs,  6  or  6  miles  north  of 

Warren,  Bradley  County. 
Soott's  White  Sulphur  Springs,  near 

Blaok  Springs,  Montgomery  County 
Searcy     Springs,     Searcy,      White 

County. 
Shover'a  Spring,  section  7,  township  13 

Siloam  Springs,  Siloam  Springs,  Ben- 

o 

Sulphureted.... 
Saline 

Beeort 

82 

Alkaline 

Carbonated, 
chalybeate. 

Saline,  chaly  be 
ate. 

Do. 
Da 

Sulphureted, 

chalybeate,  dec 

Chalybeate 

Da 



1 

120 
12,800 

tf3 

(57) 
toS 

Do. 

Ion  County. 

Bute  Salt  Springs,  section  30.  town- 
ship 11  north,  range  28  west,  Frank- 
Un  County. 

Sugar  Tx>af  Springs,  Van  Buren  (?)  Co. . 

Sorohur  and   Chalybeute   Springs,   1 
mile  from  Hopeville,  CaJhoun  Co. 

Three  miles  from  Clarendon,  Mon- 

5 

Used  o»m  m  e  r  0  la  11  > 

prior  to  the  war. 

roe  County. 
T    ITftar  Koderft,  Panlknflr  County 

Resort. 

Koter  Fayetteville,  Washington  Co. 
Hear  Dr.  Euykt  ndall's,  (f )  Wash- 

2 

Saline,  chalybe- 
ate, and  sul- 
phureted. 

ington  County. 
South  of  Malvern,  Hot  Spriog  Co. . 

At  Snlphnr  Springs,  Benton  Co 

Pour  miles  east  or  Witherspoon, 

Hot  Spring  County. 
In  section  35,  township  4  north, 
range  17  west.  Perry  County. 
Thomas  Mineral  Spring,  Beaver  Bend 

Creek,  Calhoun  County. 
Turkey  Chalybeate  Springs,  near  Crys-' 

tal  Springs,  Montgomery  County. 
Van  Patten's  Spring,  2  miles  south  of 

Unimproved. 

• 

Chalybeate 

Alkaline 

Alkaline,    eh*- 

Ivbeate. 
Sulphureted  . . . . 

Saline- 

•  Walnut  Grove,  Cross  County. 
Warm    Springs    (or   Rice's   Spring), 

Warm  Springs,  Randolph  County. 
Whisenant  Chalybeate  Springs,  Kate's 

60 

500 

60.2 

Resort 

Branch  of  Oua'chita,  Montgomery  Co. 
White  Sulphur  Sprinm,  8  mUes  south- 

west  of  Pine  Blufl;  Jefierson  Co. 
Witherspoon  Mineral   Springs,    near 

0 

480 

57 

Do. 

XTnimproved. 

Witherspoon,  Hot  Spring  County. 
Witt's  Springs,  Witt's  Spring,  Searcy 

\* 

n 

Do. 

County. 

Wittoburg    Mfaieral    Spring,    Wltta- 

burg.  Cross  County. 
Woolutv  Snrines.  WooUev.  TJnion  Co. . . 

Do. 

1 
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Analyses  of  mineral  springs  in  Arkansas. 


[bull  31 


Constituents. 


I      Eareka 

SprioKB:  Ba-    Hot  Springs, 
sin  Spring, 


HoanlAin 

Valley 

Springs. 


Ravenden 
Sprf^gM. 


Warm 
Springs. 


Orainit 
pergaUon* 
0.15 

6'iY' 

Orains 
pergaUon.* 

Sodiam  bloarbooate 

Gnrint 
psr  gdUon> 

Orains 

Gmuw 
pergaUon.* 

MHgnesium  oai  uonate 

MagoeHium  bicartionate 

0.18 
8.V 

4.48 

LM 

8.17 

Calciam  (uirbonate 

4.61 

ISl 

Calcium  hirarbonate 

4.43 

12.80 

Litbinm  carbonate 

1.20 

0.27 

Iron  carbonate 

0.78 

Iron  bioarlionate 

2.17 

Sodinni  sulpbate 

0.00 
0.13 

0.88 
0.83 
0.11 

Potaasiuni  snlpbate 

Calcium  sulphate 

2.54 

Trace 
2.88 
2.18 

0.81 

Alnmininm  sulphate 

Sodium  chlorde 

0.19 

0.01 

i.57 

Potassium  chloride 

L42 

2.86 
1.24 

Calcium  chloride 



(yalcinm  silicate 

0.48 

. 

Chlorine 

1      <^«1 

I 

Iodine 

Trace 

Trace 

a  10 

Trace 

Tram 

Bromine 

Iron  sesqnioxide 

.-  

Iron 

1        ao8| 

0.81 



Alumina 

0.45 
1.87 
0.70 

0.49 

Silica  

0.88 

0.82 
.    1.80 

l.W 

Organic  matter 

}        ..« 

Volatile  matter 

Water 

0.14 

Phosphorio  aoid 

ao2 

Loan 

1.79 

Total 

5.85 

&65 

21.82 

21.70 

l&ll 

Qases. 
Carbonic  acid 

2.14 
1.88 

Oubie'inehsB. 
101.50 

21.10 

Anniponia 

0.21 

Total 

0.21 

8.47 

182.00 

■Potter  and  Riggs,  analysts  (1880). 
»B.  Hills  LArkA,  analyst  (1800). 


•Cbanvc^et  and  Blair,  analysts. 
'Wright  and  Merrill,  analysts. 
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INDIAN   TERRITORY — LOUISIANA. 


m 


INDIAN  TERRITORY. 

The  list  of  springa  for  Indian  Territory  is  doubtless  incomplete,  as 
very  considerable  portions  of  the  Territory  are  but  little  known,  espe- 
cially in  the  western  and  northwestern  sections. 

Although  several  places  are  mentioned  on  the  list  as  resorts,  they 
are  as  a  rule  unimproved  and  are  used  principally  during  the  summer 
by  persons  who  camp  near  them  in  order  to  use  the  waters  for  medicinal 
purposes.  ^ 

Idineral  springs  of  Indian  Territory, 


Name  aod  location. 


1  S"  I 


J 


Court-HoQse  Spring.  Cherokee  I^atlon. . . 
Harkin's  Solpiiur  SprinprB.  20  miles  east 

of  DoakaviJle,  Choctaw  Nation. 
Ela-li-a-gee  Springs,  IDmileseastof  We- 

tom-ka,  Creek  Nation. 
OUtmngt: 

On  mi  Creek,  South  of  Mill  Creek, 

Chickasaw  Nation. 
Eighteen  miles  northeast  of  Tahle- 

qnah,  Cherokee  Nation. 
Six  miles  north  of  Claremore  Station. 
Cherokee  Nation. 
Seoo  SprinfTs,  3  miles  from  McAlistor, 

Choctaw  Nation. 
Sulphur  tpringt : 

Fifty  miles  sonth  of  Erin  Springs, 
Chickasaw  Nation^ 

At  Tulsa,  Creek  Nation .  . 

Seven  miles  from  Claremore  Station, 
Cherokee  Nation. 


& 


o  . 

.2 

e 


I  ^ 
£; 


Character  of  the 
water. 


300+ 


40 


Salphnreted 

Solphureted,    sa- 
line.? 


Salphnreted,  cha- 
lybeate, Sm. 

Iinreted  i 
ilybeate. 


Salphnreted  and 
chal: 


Remarks. 


Besort. 

Has  a  reputation  among 
the  InuianB. 


Resort  in  summer. 


Used  in  summer. 


LOUISIANA. 

Available  data  as  to  Louisiana  mineral  spriqgs  are  meager  and  the 
list  given  here  is  presumably  incomplete.  It  is  mainly  compiled  from 
information  contaiined  in  letters  from  various  portions  of  the  State. 

No  analyses  are  presented,  but  the  springs  are  probably  similar  to 
those  of  Mississippi,  as  the  geological  formations  of  the  two  States  are 
largely  the  same.  Salt  or  brine  springs  prevail  in  certain  portions  of 
the  State,  being  common  in  Natchitoches  and  Rapides. 

None  of  the  medicinal  waters  jB  U8e<l  commercially  and  those  springs 
utilized  as  resorts  appear  to  be  mainly  of  local  importance. 

Walton  describes  only  the  De  Soto  Springs  and  the  White  Sulphur 
Springs  of  Oatahoula. 
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Mineral  9pring$  of  Lauiiiana, 


1 

& 

i 

1 

Charact<>r    of 
the  water. 

Bemarks. 

Abita)   Spring,   near    CoTington,  Saint    Tammany 

Pariah. 
Belle  Chenev  Sorinin  Caloaelea  Parish 

1 

400 

0 

70 

Chalybeate, 
Stc 

Beaort. 

Caator  Solpliiir  Springs,  Castor  Solphar  Springs,  Cat- 
ahoula Parish. 

Claibeme  Springs,  Claiborne  Cottage,  near  Coving- 
ton, Saint  Tammany  Parish. 

Dunham's  Springs,  Hill's  Springs,  LlTingeton  Parish.. 

4 

Local  resort 

Chalybeate . . . 
....do 

Reaort 

De  Soto  Mineral  Springs.  Si  mUes  from  Grand  Cane. 

DeSotoParish. 
Horseshoe  Springa,  near  Corington,  Saint  Tammany 

Parish. 
Labatt's  Springs,  near  Covington,  Saint  Tammany 

Parish. 
L4>nir'ft  Snrines.  near  Minden.  Wnhster  Pari«h      

8 

60+ 

60 

Local  resort 

Beaort 

Mineral  Springs,  80  miles  aoath  of  Caator  Sulphur 

Springs,  Catahoala  Parish. 
Samaritan  Springa,  near  Covington,  Saint  Tammany 

Parish. 
Sulphur  tprinfft: 

Near  Co'vington,  Saint  Tammany  Parish ■ 

6 

Snlphnreted, 

Unimproved. 

In  Calcasiea  PariHh                

Welch  SpriDffs,  1  mil»  from  White  Salphnr  Springs, 

Catahoula  Parish. 
White  Sulphur  Sprinp*.  White  Sulphur  Springs,  Cat- 

4 

Chalybeate... 

Salphureted 
.  and  ehalyb- 
eate. 

I'"" 

1.,.. 

i 

Besort 

•     TEXAS. 

Walton's  Mineral  Springs  of  the  United  States  gives  three  localities 
for  Texas  and  Pepper's  list  inciades  five.  There  are,  however,  aboat 
twenty  localities  that  are  places  of  resort  and  at  least  seven  the  waters 
of  which  are  on  sale.  Besides  there  are  a  great  many  springs  at  preseut 
unimproved,  but  which  have  local  repatations  for  the  curative  effects 
of  their  waters.  Mineral  springs  exist  in  at  least  thirty  coanties  of  the 
State. 

The  list  as  given  here  is  made  np  partly  from  various  maps  and  hand- 
books of  Texas,  supplemented  by  data  derived  from  corresi>OQdeDce 
with  persons  in  the  localities  thus  obtained.  The  majority  of  the  spriugs 
are  still  unanalyzed,  but  sulphureted  waters  appear  to  be  most  numer- 
ous. The  occurrence  of  free  sulphuric  acid  in  so  many  springs  is  nota- 
ble. Lampasas  Springs,  Burdett's  Sour  Mineral  Wells,  the  Sour  Lake 
Springs,  and  Hynson's  Iron  Springs  appear  to  be  those  most  widely 
known. 
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Name  and  loofttloiL 

1 

1 

Character  of  the 
water. 

•Rj«i»V>- 

Alum  Springs,  near  Paige,  Bastrop  Co. 

Barksdale  Spring,  20  miles  west  of 
Junction  City.  Kimblo  Connty. 

BangnsA  Mineral  Springs,  near  viola, 
Cass  County. 

Bells  Mineral  Wells.  Blossom  Prairie, 

o 

Unimproyed   and  un- 

1 
2 

4 

Chalybeate 

important. 
Unimproved. 

76 

Local  resort. 

Rttlfn*    . 

Resort,  and   to   some 

Lamar  Connty. 

Bernard  Sulphur  Springs,  near  Span- 
ish Camp,  Wharton  Conntv. 

Bnrdett*8  Sour  Mineral  Wells,  7  miles 

Saline 

extent  com  raercially . 
Was  once  used  locally. 

1+ 

Resort,  and  used  com- 

north of  Luling,  Caldwell  Connty. 
Cardwell  Mineral  Spring,  Smiles  north- 
west of  Lnling.  Caldwell  Connty. 

mit  Connty.                                         5 

Cedar  Springs,  CMar  MiUs,  Grayson 
Connty. 

Chandlers  Spring,  Lampasas,  Lampa- 
sas Connty. 

In  Ijoon  County ..--r,  .....^ ,..,,, 

mercially. 

100 
5 

.^■S 

00 

f^lln^ 

Solphnretedaad 
cCalybeate. 

Once  need  as  a  resort 

' 

On  Trinity  Biver,  Madison  Co 

At  Sulphur  Springs.  Hopkins  Co.. 

In  Morrii»  Connty 

In  Bowie  Countv 

At  AK'^H'4  Wq#,  Trinity  Onnnty . . 

InBeliCoanty ..' ' .'... 

your  miles  east  of  Winnsborongh, 
Wood  County. 
Coleman  Springs,  0  miles  southeast  of 

Annona,  Sed  River  County. 
Crabtree's     Sour     Wells,     Sulphur 

Springs,  Hopkins  County. 
Dalby  Springs,  Dalby  Springs,  Bowie 

County. 
Dnfian's  Sulphur  Wells,  DuflSftu  WeUs, 

1 
8 
2 
2 
7 

200 

50u«0 

Chalybeate 

Chalybeate  and 
snlphureted. 

Acid,  chalyb- 
eate. 

Chalyb^te,  Sco  . 

Resort. 

Used  to  some   extent 

1,000-f 

61-62 
40 

as  a  resort. 
Resort  and  water  sold. 

Used  commercially  and 

as  a  resort. 
Resort 

Srath  County. 
Fairriew  Springs,  Limestone  Connty  . 
Gooch    Mineral    Springs,  Lampasas, 

Lampasas  County. 
Gunpowder  Spring,  8  miles  northeast 

of  Gilmer.  Unshor  County. 
Hancock    Springs,   near    Lampasas, 

Lampasas  County. 
Hanna  Spring,  near  Lampasas,  Lam- 

paaas  Connty. 
Hot  Springs,  on  Rio  Grande,  26  miles 

south  of  Ragle  Springs,  Presidio  Co. 
Hot  Springs,  on  Rio  Grande,  2  miles 

Has  local  reputation. 

1 
2 

Saline 

160 
100 
68 
56 

aboTC  Hot  Springs,  Presidio  County. 
Hughes's  Springs,  Hughes  Springs, 

Cass  County. 
Hynson's  Iron  Mountain   Springs.  6 

milea  west  of  Marshall,  Harrison  Co. 
Kellnm  Sulphur  Springs,   10    miles 

8 
15 

Chalybeate 

Chalybeate 

Used  as  a  resort. 

Used  commercially  and 
as  summer  resort 

north  of  Anderson,  Grimes  Connty. 

Kendall  County   Mineral  Spring,  8 

milea  west  of  iBoeme,  HendaU  Co. 

Kasaler  Springs,  4  miles  from  Alley- 
ton,  Colorado  County. 

1 

200 

Saline,   chalyb- 
eate,  and  snl- 
phureted. 

Chalybeate 

Chalybeate 

ChalybMtte 

Snlphureted.... 

Resort 

Noland  Creek,  near  Belton,  BeU  Co. 

Martin  Springs,  Martin  Spring,  Gray- 
son County. 

Middleton  Spring,  near  Paige,  Bastrop 

1 

1 

400 

60 

Unimproved. 

Unimproved  and  un- 
important 

Unimproved. 

County. 
Mituraltjyringt: 

In  A^oi^Ar  Connty  --.-- r.. 

In  Angelina  Connty 

In  Brasoe  Connty 

Do, 
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Mineral  springB  of  Toum  —  Gontinn«d'. 


(BUU.3S. 


Nftme  and  location. 


Mineral  upringa — Continaed. 

Two  mfl^R  aonthwest  of  Lioden, 

Ca88  County. 
Near  Raak,  Chprokeo  Coaoty 


In  Concho  Connty 

In  EaMtland  Connty 

Two  roilea  from  Harwood,  Oon- 

zal«-8  Connty. 
Fonr  roilea  from  Waelder,  Gon- 

sales  Connty. 

In  Hardeman  County 

In  HaiTiaon  Connty  ...^ 

At  Ileily  SpHn^a,  l^opklna  Connty 

In  Knox  Connty 

In  Mnrlon  Connty 

In  Milan  Connty 

Near  Mount  Enterpriae,  Rnak  Co  . 

In  Smith  Connty 

Southwest  of  Coffeevllle.  TJpahnr 

County. 

In  Tyler  County 

In  Wilbarger  Connty 

Seven  roilra  nonthcoat  of  Will's 

Point,  Van  Zandt  Connty. 
In  Wilaon  County 


I 

I 


1 


Alon^  Yeguft  River,  Waahinfrton 
County. 
Mineral  Wells,  Mineral  Wella,  Palo 
Pinto  Connty. 

Mineral  weSU: 

At  Bums,  Cooke  County 

At  Austin,  Travis  Conntv 

At  Lawrence.  Knnfnian  Conntv  . . 
Moaeley's  Minentl  Well,  Bristol  Ellis 

Connty. 
Pale  Sonr  Well,  Sulphur  Springs,  Hop. 

kins  County. 
Pt'can    Spring,    Lange'a    Mill,    near 

Cherry  Sprine:,  Gillespie  Connty. 
Piedmont  Sulphur  Spriners.  10  miles 

northeast  of  Nava.sota,  Orimes  Co. 
Porter's    SpringH,    Porter's    Springs, 

Houston  County. 
Red  SpriniBra  or  J'aiTett  Springs,  near 

Boston,  Bowio  County. 
Saratoga  Sprin;;A  (fo-niorly  New  Sour 

Lake),  Saratojia.  I  ianlin  Connty. 
Seven  Sprinp^s.  near  Fort  Davis,  Pre- 
sidio County. 
Sonr  Springs,  near  Lulin<r,  Caldwell 

County. 
Sonr  Lnko  Mineral  Springs,  near  Sonr 

Lake,  Hanlin  County. 
Sulphur   Springs,    Sulphur   Springs, 

Hopkins  CouDt3\ 
Sulphur   Springs,    near   Black  Jack 

Springs,  Fayette  County. 
Sulphur  »pr.vgn: 

Ai  Miilicin,  Brazos  County 

In  Com:il  Connt  y  

On  Plum  Cicek. :'(  miles  east  of  Ln- 

liutr,  Caldwell  Connty 
On  SanUufl  Crook,  De  Witt  Co  . . . 

In  El  Pafo  County 

Thirty  miles  west  of  Big  Spring, 

Howaid  Connty. 
Near  Cherry  Spring,  Gillespie  Co. 

In  Gonzales  Connty 

In  Grimes  Connty. 

At  Jasper.  Jaspr^r  Connty 

In  Johnson  County 


140 


Character  of  the  j 
water.  ' 


Remarks. 


Ghalybeftte  and 
■olphnreted. 


Acid. 


Chalybeate  and 

snlphnreted. 
Saline 


60 


1     21,«00 


Saline 

Acid,  caloic,  and 
chalybeate^ 


30+ 


80 
18+ 


1.200+ 


60 


Chalybeate  and 
snlphnreted. 


Acid  and  saline. 


Acid. 
Add. 


Uaed  as  resort  and  to 
some  extent  cooi- 
merdally. 

Has  local  reputation. 
Unimproved. 


Do. 
Resort 
Do. 


'  Used  commercially  and 
'     as  resort. 
Do. 


Used   as  resort  to  a 
limited  extent 

Resort 

Unlmurovsd,  bnt  used 

locally. 
Local  resort. 


UnimproT«4- 
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Mineral 

npringa  of  Texas — 

Coutinned. 

Xame  and  location. 

1 

i 

f 

^ 

s 

c 
S 

Character  of  the 
water. 

Remarks. 

SuMtur  tpringt — Contintied. 

At  Oekville,  Live  Oak  County 

0 

Unimproved. 

In  PecoJ»  Connty 

In  Polk  County         

IPifteon  miles  north  of  Annona, 

Red  River  Comity. 
In  Somervell  Connty . . 

On  ColoraoD  River,  south  of  San 

1 

Local  resort. 

Saba.  San  Sab.i  County. 
ITear  Trinity,  Trlnitv  Connty 

Twelve  miles  from  Victoria,  Vic- 

1 

toria  County. 
Eighteen  miles  west  of  Huntsville, 

Unimproved. 
Resort. 

Walker  County. 

Sntheriand    Sprinfrs,    Sutherland 
Springs,  Wilson  County. 

Texas  Sour  Springs  (same  as  Card- 
well  Mineral  Spring). 
Thorp's  Springs,  Thorpes  Spring,  Hood 

County. 
Weaver  Well,  Sulphur  Springs,  Hop- 
'  kins  County. 
Wilson's  Mineral  Well,  Beaver  Creek. 

m 

2 

600 

f    . 

Alkaline 

Acid,  oaloio,  and 

chalybeate. 
Chalybeate   .... 

I>0. 

1 

2 

4 
1 

Unimproved,  but  useil 
locally. 

Used  to  slight  extent 

as  a  resort. 
Used  oommeroially  and 

15  miles  west  of  Huntsville.  Walker 

County. 
White  Sulphur  Springs,  White  Sulphur 

Springs.  Cass  County. 
Wootan^^ells,  Wootan  Wells,  8  miles 

75 

63 

firom  Bremond,  Robertson  County. 
Wyser's  Spring,  12  mUes  north  of 
liuntsville,  Walker  County. 

Sulphureted  .... 

as  a  resort. 
Used  locally. 

Analif8 

es  of  mineral  springn  in  Texas. 

*                      '      TT^^-^Uo,           Kendall  Co. 
Constituents.                     '       oti!.„r              Miutial 
Springs.       ^        sp^i^g 

Mineral  Welk. 

Palo  Pi  u to  Co 

Diiko  Titter 
Wdl. 

Palo  Pinto 
Wi  11. 

Calninm  carbonate .................. 

Grains 
pergaUon. 

Grains 
pergaUon.* 

Graint 
per  gaU<m.^ 
2. 08 

Grains 
pergaUon.* 

Magnesium  carbonate   

4.66 

150.  06 

6.65 

1&84 

Rodinm  iinlphiit* , 

5.65 
1.30 
0.82 
*5.40 

ii).bti 

Calcium  siuohate 

7.6H 

Magnesium  snlphi^te 

13. 2i- 

Aliuninium  sulphate 

Iron  sulphate 

0.i3 

Iron  prolosulphate 

Sodium  chloride 

2.06 
1.76 

0.84 

23.98 
1.28 
5.58 

0.95 

Potassium  chloride 

Calcium  chloride 

Chlorine  in  chlorides 

6.61 

6.44 
45.83 

0.35 
67.25 

Aluipinium  oxide 

1.54 

Iron  oxide - 

Magnesia 

1 

Calcium 



SDica  

1.86 

0.22 

Sulphuric  acid 

Volatile  matter 

\               0. 81 

Organio  matter 

0          0.10 

LoSe 

17.07 

Total 

2&99 

13a  38 

226.23    1                    33.24 

■  C.  F.  Chandler,  analyst  (1884). 
"A.  Merrill,  analyst 
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Analy$e8  of  mineral  epringt  in  TexiM— ^ContiBned. 


CODBtitOMlto. 


Pate  Sour  "Well, 

At  Salphnr 

Springs. 


Soar  Lake  Hinend  Spring!. 


Spring  No.  7.      Spring  No.  9. 


Sour  &»rion, 
CoQDty. 


Calcinm  anl^hftto 

llagneBiiim  solpfaftte  . 
PotmiBhim  Bnlpbate. . . 
Alaminiam  siilphate. . 

Ferroos  solphate 

Iron  sulphate 

SolnblesiUoates 

Sodlam  chloride 

Masnesinm  chloride . . 

Li  thiam  chloride 

SUica   

Solphario  acid 

Volatile  matter 

Organic  matter 

Loss 


p^rgaUon.* 
84.71 
22.90 


QrainM 
ptirgaUon> 


QraUkM 
pergaUon.^ 


2.03 


L69 


09.19 
'5.62' 


45.62 
17.20 


SL28 
7.71 


Qrafm 
.pergaUon.* 

125.01 
16.17 

I  100.08 

7.38 


L95 
L82 

8.80J 


10.87 


12.18 
42.74 
132.84 
Trace 


0wl8 


5.12 


Total. 


188.98 


82.02 


40.70 


44&9e 


Constituents. 


Weaver  Well. 


Wootan  WeUs. 


Well  No.  1. 


WeUNo.2. 


WeUNo.8. 


WeUNo.4. 


Calciam  carbonate 

Sodiom  sulphate 

Caldam  sulphate 

Magnesium  sulphate . . . . 

Potassium  sulphate 

Aluminium  sulphate  — 

Iron  sulphate 

Calcinm  phosphate 

Sodium  chloride 

Chlorine  in  chlorides  — 

Lrou  protoxide 

Iron  sesouioxide 

Iron  oxide 

Manganese  oxide 

Aluminium  oxide 

Aluminium  sesouioxide . 

Soda 

Magnesia    

Calcium  oxide 

Silica 

Sulphuncacid 

Nitrous  acid    

Volatile  matter 

Organic  matter 


Total. 


Orains 

per  gaUanA 

4.28 

1.84 

45.08 

24.85 

0.86 

23.24 

83.42 

0.08 

L30 


Oraifu 
per  gtUlon.' 


OraifiM 
per  gallon.' 


pergattdnJ 


Oraint 
pergoUonS 


24.34 
L92 
0.09 


33.13 


85.40 


0.64 
i.22" 


11.08 
*  6.'44* 


3&M 
13. « 


L42 

1.21 

Trace 

2.47 


13. 11 

25.21 

3.28 

ISO.  07 


1.50 
14.58 
n.38 
25.88 
2.82 
•07.23 


\     •    15.05J 


17.49 
27.10 


179.25 


9.02 


12.25 


140.25 


130.90 


108.11 


18&Q0 


a  57 


3.46 

laio 
22.75 

28L11 
4.08 
8&41 


212.90 


•  Wright  and  Merrill,  aualysto. 
^F.  W.  MaUet,  analyst  (1885). 
•H.  H.  Dinwiddle,  analyst 
'Juan  K.  Wright,  analyst  (1882). 


•C.  F.  Chandler,  analyst 
'W.  M.  Mew,  analyst 
I  In  sulphates. 
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NORTHERN  CENTRAL  STATES. 

The  broad  areas  of  Garboniferoas  rocks  with  nnderlying  Devonian 
and  Silorian  strata  that  are  spread  over  so  large  a  portion  of  the 
Northern  Central  States  wonld  lead  ns  to  look  in  this  section  for  min- 
eral springs  similar  to  those  foand  along  the  western  side  of  the  Appa- 
lachiaDs  in  the  Atlantic  States  and  in  the  northern  portion  of  the 
Southern  Central  Division.  Here,  as  in  those  sections,  chalybeate, 
saline,  and  snlphnreted  springs  predominate.  Calcic  springs  are 
more  nnmerons  than  in  the  other  sections,  while  thermal  springs  are 
inconspicnoos,  such  waters  as  are  referable  to  this  class  being  derive 
almost  entirely  from  artesian  borings. 

As  we  proceed  toward  the  northern  part  of  the  section  and  reach  the 
metamorphic  areas,  the  springs  become  more  like  those  of  the  New 
England  States. 

The  waters  nsed  commercially  are  second  in  number  only  to  those 
80  nsed  in  the  Northern  Atlantic  States.  A  fair  proportion  of  the  local- 
ities are  resorts,  and  we  may  expect  the  number  so  used  to  increase 
when  the  newer  parts  of  the  Northwestern  and  Western  States  are 
more  thickly  populated.  Every  year  adds  to  the  number  of  improved 
springs  in  these  portions  of  the  Northern  Central  States.  Nebraska, 
at  present,  is  the  only  State  in  the  section  for  which  we  are  unable  to 
give  a  Bupposably  complete  Rst  of  mineral  springs. 

Summary  for  Northern  Central  Statet. 


StetM. 

Komberof 
tpHoglo. 

Number  of 
Isdlvidiul 
•prlngs. 

HunlMr  of 

Kunberof 
ipring  lo- 
calities 
used   as 
resorts. 

ITnmber 
nsedoom- 
merolaUy. 

Total  xiiim> 
berof  an- 
alyses. 

Ohio 

W 

m 
sa 

44 

75 

» 
BS 
IBS 
3 
SI 

lOS 

161 
91 
7S 

14S 
8S 
M 
SB 

441 
B 

IBB 

15 

28 

14 

SB 

51 

7 

S 

14 

3S 

0 

24 

15 

18 

S 

IB 

15 

2 

2 

7 

27 

0 

11 

15 

15 

TrHkuM 

2B 

Dliiioift   

14 

Vtebipan        

2B 

W^ifynMiB r,..  T 

58 

Vi'nifiiffte 

7 

Dakol* 

B 

lOWft 

u 

Miaioini 

28 

Kfiht^ln^ 

0 

^fsmm 

24 

Total 

SOI 

1.B7S 

215 

122 

55 

224 

BiiU.32 9 
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OHIO. 

The  list  of  Ohio  mineral  springs  is  based  upon  material  derived  from 
the  State  geological  reports.  The  list  thus  obtained,  supplemented  by 
information  obtained  through  correspondence,  was  sabmitted  to  the  in-  j 
spection  of  Prof.  Edward  Orton,  of  Golnmbas^  Ohio.  Speaking  of  the  i 
list,  in  a  letter,  he  says,  ^<  It  might  be  indefinitely  extended  or  it  might  | 
be  considerably  reduced."  Referring  to  the  belt  of  black  DevoniaD 
shale  that  traverses  the  State  from  Lake  Erie  to  the  Ohio  Valley,  he  | 
says:  ^^This  formation  as  a  role  yields  bnt  little  water.  The  springs 
issuing  from  it,  except  at  the  very  base,  are  weak,  but  they  carry  iron 
and  sulphur  almost  everywhere.  In  Adams  County,  for  example,  if 
there  is  one  mineral  spring  there  are  thousands.  Four  are  Credited  on 
the  list.  One  of  these  is  a  place  of  resort,  but  the  others  are  identical 
in  character  with  hundreds  of  others  on  all  sides.  They  have  come  into 
recognition  possibly  through  the  superior  intelligence  or  energy  of  their 
proprietors,  who  call  attention  to  them  in  one  way  or  another.  What  is 
true  of  Adams  County  is  equally  true  of  Scioto,  Pike,  Boss,  and  Picka- 
way,  and  to  a  less  extent  of  the  northern  counties  that  hold  the  shale. 
The  list  in  Delaware  County  might  be  increased  to  hundreds.  The 
springs  that  issue  from  the  base  of  the  formation  often  have  good 
volume,  and  these  make  a  group  by  themselves  (Mineral  Springs, 
Adams  County ;  Campbell's  Spring,  Pike  ^ounty ,  &c.).  Very  much  the 
same  line  of  remark  applies  to  the  so-called  chalybeate  springs,  derived 
from  the  drift  formation.  •  •  •  There  are  considerable  districts  in 
which  a  bed  of  bog-ore  underlies  the  drift  beds,  and  all  the  wells  and 
springs  in  these  districts  might  be  called  chalybeate." 

Professor  Orton  thinks  also  that  if  all  the  calcic  waters  were  included 
the  list  might  be  almost  itdeflnitely  expanded.  As  already  intimated, 
we  have  included  only  those  springs  mentioned  in  the  geological  reports 
or  of  which  definite  information  was  secured  by  letter. 

A  complete  list  would  perhaps  include  the  saline  and  brine  springs 
of  the  State,  but  they  have  been  considered  in  another  plaoe.^  A  sm^ 
proportion  of  the  springs  are  utilized  as  resorts  and  the  waters  of  • 
very  limited  number  are  used  commercially. 

^  See  Mineral  Beeonroes  of  the  United  States,  Calendar  Yean  1863  and  1884,  article 
Salt,  p.  836.    Washington,  1885. 
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Kune  and  location. 

1 

1 

1 
1 

Cbaraofaroftbe 
water. 

BMnarka. 

Adama  County  Ifbieral  Sprlnga,  Mln- 

aral  Swinga.  Adama  Coonty. 
Aooapolia  bolphnr  Spring.  Cnwford 

County. 
Artesian  Snlphnr  Wella,  Oak  Harbor. 

Ottawa  Coonty. 
Bellbrook  MagneUc  Spring.  Bellbrook, 

Greene  Coonty. 
Bitter  Artealaa  Veil,  Bryan,  WilUama 

CoontT. 

Ritl«r  W*t1.  TTuirAAlt  OoontV -  - 

2 

w 

o 
66 

Cbalybeate 

Reaort. 

i 

1 

Calcic 

Used  commercially  and 
aaareaort. 

""■; !  ' 

ford  County. 

Cajahoga  Coonty. 
Camobell^  Snrinff  Fike  CoontT 

1 

S60t 

00 

Saline,  solpbn- 
rated. 

Resort. 

CireVa  SDrine.  (^awibrd  Conntv 

Cutalia  Springa,  Caatalia,  Erie  Coonty . 
Cedar  Sprhiga,  New  Paria,  Preble  Co. . . 

1 

Calcic 

• 

! 

1 

2^ear  Darrtown,  Botler  Coonty 

3 

1 

Cbalybeate,  snl- 
pboreted. 

Near  Eitoi.  Preble  Coonty 

Chalybeate  and  Soipbor  Springe,  near 

Weat  Cbarleaton.  Miami  Coonty. 
Cbenowith'a   Black  Soipbor  Springe 

Adama  Coonty. 
Ciadnnaa  Arteeian  Well  (1,245 ftet), 

2 

...A... 

Used  to  small  extent  aa 

do 

A  resort. 

Cincinnati  Gaa-Worka,  Hamilton  Co. 
CiBdnnaci  Solpbo^line  Spring  (arte. 

sian  weU  240  feet).  Cincinnati  Ham- 

Oton  Coonty. 
Copeland'a  Inm  Spring.  Loooat  Grove, 

Adams  Coonty. 

Caraboga      Litbia     and      Hagneaia 

62 

Cbalybeate 

and  aa  a  reaort. 

Alkaline 

Used  commercially.  - 

^ringa,  10  mUea  aootb  of  Cleveland. 
Cnjabogn  Coonty. 
Delaware    Wbite    Soipbor     Spring, 

1 

campoa  of    Weeleyaa  Univwaity,' 
Delaware,  Delaware  Coonty. 
Eaton  ICineral  Well.  Baton,  Preble  Co. . 

• 

Sleetzo-Magnetio  Springa.  near  Wood- 

etock.  CThampaign  Coonty. 
ErkenbreekerVSalt  WeU  <271  feet), 

Lodlow  Grove,  Hamilton  Coonty. 
Green  Mineral  Sprinc  Green  Spring. 

4 

1,100+ 

48* 

Used  commercially  and 

fffPIp^ 

aa  a  resort 

1 

875,000 

50 

Do. 

Seoeca  Coonty.*^     **               ^     * 
Hovlaad  Svrlnga.  eaat  of  Wanmi, 

Tnunbnn  Coonty. 
KniMly'a  Sminga,  8  miles  nortbeaat  of 

Bocyroe*  Crawford  Coonty. 

Detaware  Coonty. 
Lewis  Coitre  Soipbor  Springs,  Lewia 
Centre.  Delaware  Coonty. 

of  Locoat  Orove^  Adams  Coonty. 
Xoaainger'a  Soipbor  Spring.  2*  billea 
Bortbwest  of  Locoat  Grove,  Adama 

Snlpboreted.... 

Resort 

11 

a 

Sommer  resort 

700 

47 

AIkalin^  calcic. 

Feed  commercially  and 
aaareaort 

1 

00 

Hiaa  been  a  resort  to 

some  extent 

Near  Cbarleatown,  Portage  Co 

Small  and  onimportant. 
Do. 

At  WUberforce.  Greene  dbonty 

Soothweet  of  Baton,  Preble  Coonty 

8 

Snlpboreted,  Ac 

Near  Camborland,  Goemaey  Co.  .1 . 

Near  Edinbors.  Pbrtaee  Cikmn^ . . . 

Near  FtoedomfPoi^e  Coimt^  .1- 

Cbalybeate..'... 

TTaed  locally. 
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[BOU.tt. 


KuMandlooatkm. 

1 
1 

i 

1 

i 
1 

Character  of  the 
water. 

Remarks. 

KeM>17udto]i,  9ii*ninH  Omuity 

o 

NfMr  IdAho.  Riki^  Oonntv  ......   ... 

Near  Lodl,  M  edinft  Coantv 

At  Mfivn  Omtr^, 'VTamI  ^o^otr  . 

Near  ZanesTiUflL  Maskiniram  Co.. 

ICinerftl  Well,  Korwalk,  Haron  Co 

Saline 

Newark  Hanetdo  Springs,  Newark, 

Ohio    l&^etic     Spring,    MagDatto 

Springs,  union  County. 
8miJiley%BlaokSulphnrSpring,6inilaa 

east  of  Locnat  Or  .ve,  Adams  Co. 
Stryker  Mineral  Well.  Stryker,  Will. 

Solpfattr  and  Chalybeate  Springs,  Peon 
Townsbip,  Morrow  (t)  County. 

Kear  Hemlock,  Perry  Cooaty 

1 

750 

A2 

Alkaline,  caldo. 

Used  oommerdslly  and 
as  a  resort 

1 

60 

f^HllA 

Reoort 

Used  locally  to  somr 

extent. 
Is  a  local  veaort. 

Half  mUe  north   of  Lynchbnxg, 

Highland  Connty. 
At  Blafton.  Allen  Conntv 

Unimproved. 
Do. 

Near  Defiance,  Defiance  Co 

Kear  Delhi,  Hamilton  Coonty 

Kear  Eaton,  Preble  Coontr 

In  Milton  Township,  Mahoning  Co. 
On  Olentangy  River,  Delaware  Co. . 

IL. 

At  New  Philadelphia,  TiucanwM 

County. 
In  Riley  Township,  PatnamOo 

• 

In  Scioto  Township,  Delawan  Co  . . 

. 

At  Salphnr  Spring.'Crawford  Co. .. 

One  mfle  east  of  Zoar,  Tnsoaiawaa 

Do. 

Conntv. 
Kear  Siuphnr  Orove,  Mon^gomeiy 
County. 
JStOphurtpaU: 
'    In  Benton  Township,  OttawaCo. . . . 

At  Bacy  nis,  Crawford  Connty 

In  Df^flance  Connty 

In  Ottawa  Township,  Pntnam  Co.. 

• 

In  Pfunldinir  CoTxntv  '-  - .      

• 

In  V(^o  Wei%  Coqnty  -  -  ^  t  . . 

Tawawa  Springs,  Wilberforce,  Greena 

Connty. 
White  Salphnr  Springs.  Adams  Co 

a 

ChalybeatiB 

Reaort 

Allen  Connty. 
White  Salphnr  Springs.  White  SaU 
_phar,  Delaware  Coanly. 
WVandot  Magnetic    VTeU    (Matthew 

Oriaa's  WdCs  mUes  north  of  Upper 

Sandasky.  Wyandot  Coanty. 
TeUow     dpring,    TeUow     Springs 

Greene  Coanty. 
TeUow  Springa,  Clarke  County 

1 
1 

MO 
6^000 

81 

Solphaxeled.... 

Used  commercially  and 
aaaresoit. 

Once  a  rcsorti    unim- 

proved now. ' 
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GoDBtttiieiito. 

Cincinnati 

Ariieeian 

WelL 

Cincinnati 
Snlpbo-Sa. 
line^pring. 

Cuyahoga  litbla  and  Mag. 
neaia  Springs. 

Erkenbreek. 
er*s  Salt 

LithiaWeU. 

Bitter  Water. 

Well. 

8oUd$, 
Calolmu  OArboDftte  

flfroint 

!^»».. 

fifroiM 

10.  B4 

€hraint 
ptrgaUon.^ 

Qraina 
pgrgaiUm.^ 

vrttins 
'*^***"iIl06 

11.06 
0.88 
4.14 
11&54 
180.80 
4.88 

a76 

0i47 

11.48 

172.07 

60.16 

LOT 

61&6] 

6.88 

DPvrrons  oarboiiAto 

Sodinin  snlphftto             ....... 

MMrnptinni  nnlphAto    ....... 

Caloium  solphate 

27.87. 

28.20 
2.80 

6.07 

A  In  minium  ffainhate  ....... 

Sodium  phoephkte 

1.84 

584.77 

17.27 

22.10 

&06 

SodiiuD  chlorido 

619.00 

1&14 

82.26 

8.27 

888.10 

&06 

4,800.10 
542.04 

Mafinmlnm  chloride 

Calioiam  obloride 

786.61 

Poiaiiftlnm  nhltrridn        

Litbinm  chloride    

8.74 
17.67 

4.86 

AliuniDiam  chloride 

Iron  chloride                    

68.46 

Sodinm  hmmiHA 

28.21 

0.26 
0.10 
0.87 
a  40 

0.80 
0.80 
0.4S 

0.79 
0.76 

Hagneeiiun  iodide             

Iron  oxide...... 

8ilic» 

Ijoaa          ..            

1&87 

19.81 

1.28 

Total 

617.82 

648.16 

515.82 

791.68 

5,788.10 

Oa§$i. 

7.76 
ia88 

7.27 
12.68 

Total 

i&oe 

19.90 

Constltiients. 

Blectro- 

Green 
Mineral 
Spring. 

Len^rpe  Magnetic 
Springs. 

Stryker 
Mineral 

Spring  No.  1. 

Spring  No.  2. 

WeU. 

MftHTifwrfnTH  carbonate. t 

flfroinf 

€hraint 
p^rgaUon.* 
82.80 

Graim 
pmrgaOnm.*^ 

Graint 
p^rgatton.* 
12.11 

pwgaUon," 

15.21 

Calcium  narhonate 

26L24 

17.78 

68.80 

27.42 

Iron  carbonate  ......r......... 

0.16 

10.70 

Iron  bicarbonate 

9.98 

Maffneaiam  mlDhate  -  - -  - 

86Li4 
10&41 

0.98 
6.20 
L84 

2.81 
5wl2 

Caloinm  ffnlphate  . . . . .  r  -  - . , . . 

Potaaatnm  snlpbata   

2.81 

186.84 

Iron  sulphate 

6L68 

is.  04 

8.18 
4.88 

8.85 

2.16 

23L86 

Mff£1MH|1««"  Ali1nrf«l^       , 

11&96 

Oalffli>ni  cMor<d<> r- ^ 

8.48' 

16.76 

0.68 

Potaaaium  obloride 

TrMi«™«d4» .      . 

0.54 
0.05' 

0.41 
Trace 

Atnmtp# 

ao6 

6.10 

Silica    

0.24 

2.68 

Potaaaa 

Trace 
0.81 

Organic  matter    

aso 

0.08 

Hy^ro-snlphurio  acid 

4.49 

Total 

6L88 

816.40 

56.70 

4a  64 

621.61 

n^lmitAafild 

06L48 

^1888. 

•X.  a  Wayne,  analyrt  (1888). 


'  0.  K.  Stoddard,  analyst. 

•  &  H.  Donglass,  analyst  (1S70). 
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[bullH 


Yellow 
Greene  60. 

Ohio  Mag- 
netic Spring. 

BeUbrook 

Magnetic 

Spring. 

Cedar 

Springa: 

Waahington 

Spring. 

Blue  Rook 
Spring. 

fiAfUnm  oarbonftto 

Graint 

Qraim 
pergaUon> 

pergaXUm,* 

QroinM 

p^rgaUon.* 

LOO 

MAfneAiam  earboniite 

7.20 

6.82 

56.81 

Mftni<)AimD  bioArb^oAto ....... 

17.61 

Caloinin  carbonftt6 

19.67 

16.62 

8.96 

&75 

Oalciom  bicarboiiAtft 

10.20 

PotAMium  CArbonato r , . . 

6.75 

Iron  carbonate 

1.S2 

Iron  bicarbonate 

a  16 
0.42 
2.80 
8.27 
0.22 

Sodlnm  aolphatB 

0:08 

0.18 

Magneaium  sulphate 

Calcinm  unlphate    . . .  r , , .  t  ,   . . 

1.35 

L20 
1.07 

1.24 

Potaawlnm  snlpbate 

Sodiom  phoapEiate 

6.'25 

CalcianTphosphate 

2.18 
0.98 

Sodinm  onloricle 

0.15 
0.17 
1.61 

a70 

0.86 

210.25 

Maeneoinm  chloride 

Calcinm  chloride 

Potasaiam  chloride 

16L10 

Lithiom  chloride 

2.16 

Sbdinm  bromide 

Trace 

Sodiamiodide 

0:20 

Iron  oxide 

0.80 

1      ••»{ 

0.67 

0.'22" 

Ainmina   -  r rr 

0.12 
0.24 
0.57 

Silica 

LOO 

Organic  matter. 

Total 

23.17 

44.90 

26.79 

laii 

303.27 

•  Wayne  and  Locke,  analysts. 
^  B.  S.  Wayne,  analyst  (1^2). 


•  N.  W.  Lord,  analyst  (1883). 
'  A.  Fennel,  analyst. 


•J.  LangCaasells. 


INDIANA. 

With  the  exception  of  Missouii,  Indiana  is  credited  in  our  list  with 
more  mineral-spring  localities  than  any  other  of  the  Northern  Central 
States.  The  geological  formation  being  the  same  as  in  the  neighboring 
States,  we  naturally  find  that  the  springs  are  also  similar,  and,  as  in 
Ohio,  Illinois,  and  Kentucky,  the  snlphnreted  and  chalybeate  waters 
are  most  abundant.  About  the  same  number  of  localities  are  utilized 
for  resorts  as  in  Ohio  and  about  as  many  of  the  waters  are  used  com- 
mercially. We  are  able  to  present  twice  as  many  analyses  as  in  the 
case  of  Ohio,  but  there  are  still  some  twenty-four  springs  the  chemical 
characters  of  which  are  unknown.  Brine  springs  exist  in  various  por- 
tions of  the  State,  but  do  not  seem  to  be  so  numerous  as  in  Ohio.  The 
springs  mentioned  in  the  State  geological  reports  of  Prof.  E.  T.  Cox 
form  the  basis  of  the  list,  and  from  the  same  source  also  many  of  the 
,  analyses  have  been  taken. 
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MineriU  9primg$  ofJndiama. 


\i 


ChMMteroftlie 
water. 


Ajcve  Cb«Iyb«ste  Springa,  neiir  Pike- 

TiOe.  Pike  County. 
Alberta  Solphiir  Springs,   between 

Fnock   Liek    uid    Weet    Beden, 

Onsge  Coonty. 
AndenoD  Spring,  on  Fall  Fork  Creek, 

Bartkolomew  Coonty. 
AjidetMA  Mound  Snrlngs,  8|  miles  east 

of  Aadtsrson,  ICaoison  Coonty. 
tesiaa  WeQ  («X>  feet),  *^ 


ATtesiaa 

JsqwrConnty. 
ATDca  Mineral  luring,  AToeai  Law- 
rence County. 
Aaalia  Mineral  Springs,  2  milea  north 

of  Axalia,  BarthoknMW  County. 
Barfew's  Thermal  Well,  Shelby  Co. . . 
Benham'a Carbureted  Saline  Well,  near 

MifBin.  Crawford  Coonty. 
Blue  lick.  Blue  Lick,  1  mile  east  of 

Charlestown,  Clark  Coonty. 
Borer  Salphnr  Springs,  Williamsport, 

wairen  Coonty. 
Cameron  Sprinjia,  Warren  Coonty,  4| 

milca  northwest  of  Attioa. 
Ceatrpl  Springe.  6  milea  east  of  Shoals, 

Hartfai  County. 
ChaM§aiii9pring»f 

In  see.  8;  T.  &  B.  10,  near  Gray  srllle, 

SolliTan  Coonty. 
In  see.  21«  T.  11,  B.  6,  Clay  Connty . . 
Inaee.21,  T.  11,  B.  6^  Clay  Coonty .. 
ITine  milBe  northeast  of  Mancie, 
Delaware  Coonty. 

In  Rochester.  Folton  Coonty 

CMyfrraie  and  taUns  sprinfft: 

In  Patnam  Connty 


In  Floyd  County .. 

In  aeo  1 1.  T  21,  B.  8.  Warren  Co 


NearBrownstown,  Jackson  Coonty  . 

In  JefferaonTiUe,  Clark  Connty 

Near  Scottebnrg.  Soott  County  — 
Sooth  of  Wiliiunsport,  Warren  I. 

Coonty. 
KearShoridan.  Hamilton  County..  . 
Kear  Cambridge  Citv.  Wayne  Co  .  . 

Clark'a  Well,  Crawford  Coonty      

Coata'i  Spiing  (same  as  West  Sara- 
ton  Spiings). 
Corrdon  Artesian  Well,  Corydon,Har-  !. 
riaoD  County.  ; 

BoGoota  Springs,  Be  Gk»nia  Springs, 

Warrick  C  unty.  1 

Eaton'a  White  Solphur  Well,  sec.  3$,  ' . 

T.  3.  R.  1  B..  CMwford  Count.Y . 
Fair  Gmond  springs,  near  Lawrence,  ' . 
UanoD  Coonty.  ' 

Yr^ncb  Lick  Spnnga,  French  Lick, 
OnogH  Coonty.  I 

Givaocafltle  Spr-ingn,  near  Greencae- 1 
t4e.  Patnam  Coonty.  > 

Hartford  Solphur  Hpringa.  Hartford, 

Ohio  County. 
Hartiriile    Spring,    HartsTille,    Bar- 

tbolomow  Cunnt  . 
Havkina'a  Chalybeato  Springs,  Bich- 

mond,  Wayne  Connty. 
Hinios  Spring,    near    OrangeviUe, 

Orange  Connty. 
Hooea  Saline  Solphur  or  New  Point 

Comfort  Spring,  Blue  Uok,  Clark 

Coonty. 


13 


8+ 


1,200 


Chalybeate . . 

..do 

Solphnreted . 

..do 

Chalybeate . . 

Snlphureted  . 
SaUne 


1.100+ 


60 


Sulphursted  . . . 

Caleio,  carbon- 
ated. 
Chalybeate.... 


UnimproTed. 

Has  a  loeal  reputation. 

UnimproTed. 

ImpiOTed. 

I<ocal  resort. 

Has  local  reputation. 

Unimprored . 


Beeort;  water  to  be  sold 

inftatuie. 
Besort 


Saline,  ohalybe- 


Saline,  sulphu- 
reted. 

Saline,  chalybe- 
ate. 

Saline,  snlphu- 
reted. 


1,100+ 


480 


U 


58 


Saline,  snlphu- 
reted. 

Carbonated.  a1-] 
kaline,  cha- 
Ivbeate.  ' 

Sanno,  aulphu- 
reted. 

Chalybeate  ... 

Snlphureted, 
chalybeate. 


Saline,   sulphu- 


TTnlmpiQfT«d. 


Do. 

Used  oommerclally  and 
as  a  resort. 

Baser  t. 

Do. 

Has  a  local  reputation. 


UnlmproTed. 

Used  oommerclally  and 
asarssort. 
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[BUUUtt. 


Mineral  ipring$  of  Inditma — Continaed. 


I 


Cbanoter  of  the 


Hafb(ett«r'BChftlybeftto  Springs,  near 

Odeaos,  Orange  Coaotr. 
Indiao  Springs,  see.  7,  T.  4,  R.  8,  near 

Shoals,  ICartin  Connty. 
Indian   Springit.  Trinity  Sprini 


■(S- 


miles  north  of  Shoals,  Martin 


Inlow  SprinjEs,  4  miles  southeast  of 

Mnncie,  Delaware  Coonty. 
Kannal   Spring,    Bensselaer,  Jasper 

County. 
King^Mineral  Springs,  U  miles  south 

orWilson's  Switch,  near  Blue  Liok, 

Clark  County. 
Knightstown  Springs,  2  miles  ftom 

Knlghtstown,  Henry  County. 

Ia  Fayette  Artesian  Well,  La  Fayette, 

Tippecanoe  County. 
Lamoden's  Mineral  Springs,  on  Lost 

Biver,  Orange  County. 
Lodi  AnoHiao  WeU,  sec.  85,  T.  18,  R.  8, 

Fountain  County. 
Hayflold's  Spring,  PleasantviUe,  Sul- 


hyan  Count  v. 
iesian 
County. 


Marion  Arte 


Well,  Marion,  Grant 


Hllbum  Springs,  near  Wlnslow,  Pike 

County. 
Minerya  Mineral  Spring,  near  Law- 

rmce,  Marion  County. 
Mineral  apring* : 

At  Centreyille,  Wayne  County — 

Near  Blue  Lick,  Clark  County 

In  Car  Township,  Clark  County. .. 

Hear  HenryylUe,  Clark  County . . . . 

At  New  Mlddletown,  Harrison  Co. 


Near  Muddy  Fork,  Monroe  Town* 

ship,  Clarlt  County. 
At  New  Proyidence.  Clark  Cornty . 
Near  Pleaean  t  y  iUe.  Sulliy  an  County 
Near  Rensselaer,  Jasper  County . 
Near  Maywood,  Marion  County. . 
In  section  17,  Greene  Township, 

Jay  County. 
In  section  85,  Noble  Township, 

Jay  County. 
In  Warren  Co.  jaearCameron  Spring 

Near  Homer,  Kush  County 

Near  Coesse,  Whitley  County. . 


On  riyer  hank,  1  mile  from  Rensse-? 
laer,  Jasper  County.  ^ 

Four  to  8  miles  east  of  Rensselaer,] 
Jasper  County.  < 

Mineral  Springs  and  Artesian  Wells, 
near  Rushyille,  Rush  County. 

Mineral  Artesian  Wells,  West  Rush- 
yille, Rush  County. 

Mineral  Well,  New'  Mount  Pleasant, 
Jay  Counhr.  I 

Ott's  WeU,  MUBln,  Crawford  County 

Peacock  Sprlns,  ^  mile  ftvm  Rensse>^ 
laer,  Jasper  County.  j 

Rochester  Chalybeate  Spring,  Roches- 
ter, Fulton  County. 

Sand  Creek  Mineral  Spring,  near 
Axalia,  Bartholomew  Coun^. 


700+ 
120 


58 


Saline,   sulphu- 

reted. 
Alkaline,  calcic, 

and     sulphu- 

reted. 
Chalybeate 


Sulphureted . 


150 


48 


Chalybeate . 


480 


Saline,   sulphu- 
reted. 


'  Saline,  sulphu- 
reted. 


51i  Chalybeate . 
.do 


Sulphureted 


Saline 

Saline,  sulphu- 


Has  a  local  repotatieD. 

Used  commeroiaUy  tod 
•  as  a  resort. 

Has  a  local  reputation. 

Improyed. 

Used  commercially. 


Once  used  as  a  retort, 
now  occupied  by  Sol- 
diers' Orphan  Hom«. 

Used  commeroially. 

Unimproyed. 


Do. 
Resort. 

Local  reputation. 
tJnimproyed. 


to 
1,800 
800 

1    to 
1,800 


(1.800$ 


500 

(264) 


52 


64 


Sulphureted  . 


Sulphoreted . 
....do 


Chalybeate . . 

Saline 

...do 

Su^hnxeCed . 


Chalybeate. 


unimpn 
ReooiC 


Moatly  unimpoTtsnt  i 
unimproyed. 


Unimptoyed. 
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Mineral  $pring8  of  /luliaiia— Continaed. 


Name  and  ]4MMi«ioiL 

1 
1 

1 

1 

Character  of  the 
water. 

Ramarka. 

ShelbTTUle  ThermiJ  Well,  Shelbyyille, 
St.    Konan's    Well   (90  feet),  Boone 

o 
76 

50 
80 

1 

30 

80+ 

fHfn* 

Resort. 

Towuihlp.  Warrick  County. 
Sulphur  »pringi : 

At  SaJphur  Sprinea,  Hennr  Connty 
One  and  a  half  mileaeaat  of  Henry> 

Tille.  CUrk  County. 
Near  May  wood,  Marion  County. . . 

Snlphnreted.... 

Local  reputation. 
UnimproTOd. 

Near  Bf^naselaer,  Jasper  Connty  . . 

In  Lawrence  County 

On  Flat  Rock  River,  aonthem  put 

of  Shelby  Connty. 
1^  section  17,  Qreene  Township, 

Jav  Connty. 
In  section  8S.  Greene  Township. 

Jay  Connty. 
Snlphnr  Well,  8  miles  south  of  Mifflin, 

Crawford  County. 
Tar  Springs,  sec.  15.. T.  3,  R.  1  west, 

Crawford  County. 
Teire  Hante   Artesian  Well,  Twre 

RaHn^ 

Da 

Saline 

Haute,  Vigo  County. 
TbmnaffV  MlnAnii  Wf^lls.  Fountain  Co 

...... 

4 
8 
7 
S 

18.'000"* 

57 

Trinity  Springs,  Trinity  Springs,  Mar- 
tin t/ounty. 
Van  CleaTO  Mineral  Springs,  Craw- 

fordsTille,  Montgomery  County. 
Yiokerman  Springs,  sec  7,  Nlnereh 

Township,  Johnson  County. 
Vine's  Springs,  Vine's  Springs,  Ripley 

County. 
West  fitden  Springs,  West  Baden, 

Orange  Connty. 
West  Saratoga  Sprinn,  West  Sara- 

toga  Springs,  Pike  County. 
White  Snlphnr  Springs^Hke  County. . 

Chalybeate 

Resort 
Do. 

400+ 
1,500 

Do. 

57 

Alkaline,  saline, 
snlphnreted. 

Used  eommeroially  and 
as  presort 
Do. 

White  Sulphur  Sprlngs^edfoid,  Law- 

renoe  County. 
White  Sulphur  Springs,  Indian  Creek 

Townahip,  Lawrence  County. 
Wyandotte  Spring,  5  miles  northeast 

of  Learen worth,  Crawford  Connty. 



•• 

Saline,   snlphu- 
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Analyses  of  mineral  springs  in  Indiana, 


(BULL.  31 


GonBtitaenta. 

Anderaon 
Mound 
Springs. 

Benham's 
CaTbureted 
SaUneWell. 

DeGonia 
Sp^gNaL 

Baton** 
White  Sol- 
phur  Well. 

BArtfoid 
Salpbar 
Springs. 

BoUds, 
IVTAinifmlTiin  hioArbonftte . ...... 

Orainsper 

Oradnsper 

imp.gaUon.^ 

215.28 

GraiM 
pergaUon,' 

iioi' 

Grains  per 

imp  gaiton.^ 

20.16 

Grainiwr 
imp.galU.^ 
11.35 

Calciam  c4a'boiiat6  r.. ......... 

Calciam  bicarbonAto  *. 

10.90 
1.18 

795.91 
10.71 
25l84 
28.06 

104.64 
84.82 

67.08 
2.88 

18.15 
6w48 

62.77 

1&76 

84.  n 

Iron  oarboDRto  ......  ....••.... 

4.00 
25.00 

7.00 
56.00 

4.00 

3.00 

2.211 

(Sodinm  snlphato 

ft.  07 

PotaMhim  salphate  -,,,...,.,. 

L87 

MafmeAiam  HiADhata 

14.79 

Calciam  sulphato 

C.07 

7.M 

Calciam  phosphato 

Sodiom  clilorAle 

6,025.09 

160.63 

72.86 

Calciam  oblorido 

4.00 

Alkalies 

Trace 
Trace 

Silica 

8.00 

Alumina 

Trace 

Trace 

L66 

8.59 

Iodine 

Insoluble  ailicatea 

Totral 

24.00 

7,240.80 

121.00 

816.24 

14420 

eases. 
Carbonic  acid , 

&478 

Groins 

OubicindL 

Salnhnreted  hvdroiren 

..     ...*•    ... 

a786 

FranohLickSpringa. 

Qveencaatle  Springs. 

Constitaents. 

Proserpine 
Spring. 

Plato's  WelL 

KoriAior 
Sj^. 

Kiddle  or 

Dew  Drop 

Spring. 

Solids. 
Sodiom  carbonate 

Orafnsper 

10.52 
4.50 
20.29 

Qrctinsper 

imp.  gallon.* 

4.80 

52.71 

40.18 

3.32 

f •. 

CHrainsper 

Chrainsper 

imp.  gauon.* 

0.12 

Grains  per 

Maf^fwliim  carbonate. 

1.59 
6.95 

5.64 
^  17.47 
•     0.11 

0.49 

6.41 

Calciam  carbonate 

14.27 

Potaasinm  carbonate 

0.00 

Iron  carbonate     

\             2.49 
88.72 

Trace 

2.85 

Aluminiam  carbonate 

{      ....... 

Imodium  salphate 

PotaMsiom  solpbate 

^   .      4.67 

1.21 
66.81 
15.61 

5.98 

141.90 

32.90 

22.37 

0.16 

0.13 

Mafnieeium  suipbate 

29.33 
141.00 

18.12 
60.59 

126 

1.24 

Calciam  aulphate 

Alamioiam  aalpbate 

Sodium  chloride 

00  92 

140.54 
6.35 

a95 

0.84 

Calcium  chloride 

Potassium  chloride*. 

5.01 
a  05 

M affnesinm  chloride 

6.10 
Trace 
Trace 

0.13 

Iodides 

Bromides 

Iron  oxide 

Silica 

1.09 

0.66 

Trace 

0  10                     0.01 

Alumina 

o!l9                     0.09 

Loss 

0.11  '                   0.27 

Undetermined  matter 

0.54 

i 

Total 

350.52 

376. 38  I              256. 05 

26.60                   2127 

Oases. 
Carbonic  acid 

Cfubieinehfs. 
10. 116 
17.000 

7.337 
6.717 
5.407 
18.684 

■     .    .            1 

3.62                     ^^ 

Sulphureted  hydrogen 

Oxygen  

IJitrogen 

•E.  T.  Cox.  analyst  (1878). 

^  6.  &£  Levette,  analyst 

•1876. 

'J.  a.  Sogers,  analyst  (1869). 


•  B.  T.  Cox,  analyst  (1874). 
'J.  G.  Rogers,  analyst. 
B  B.  T.  Cox.  analyst  (1870) . 
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Analyses  of  mineral  springe  in  /iKUana  —  Coatinaed. 

Hawkins's 

Chalybeate 

Springs. 

Indian 
Springs. 

LodiArte. 

aianWeU. 

La  Fayette 

Artesian 

WeU. 

Marlon  Ar- 
tesian  WelL 

Rodivm  Mrb<niat4»  

Graintper 
itnp.gaUon.^ 

4.88 
22.74 
80.78 

Qrainsper 
gaUan^ 

Grains  per 

Oraineper 
imp.  gallon. 

Mftgnftriam  OArbm^te-  - .  r 

0.W 
2.01 

0.40 
12.02 

2.81 

Calcium  carboDBie 

16.80 

Calciam  bloarbonato 

11.84 

1.40 
0.28 

PotMwiiiin  carbonate 

2.80 

i4.*20' 

2.88 
86.48 

.'.'.'.'...'.'.'.'.'.. 

0.04 

Ferrona  carboDato 

2.18 

0.80 
8.26 
55.56 



Potaaalam  aulphate 

1 

1.02 
14.03 

4.06 

Calciom  solphate 

56.01 

Aluminium  sulphate 

0.00 
24.28 

iron  ftulpbato 

1.70 

Caloinm  nhoanhAte                     « 

1.20 
502.46 
47.03 
53.54 

••6.60 

824.77 

8.72 

21.66 

Sodium  cbloiide 

0.40 
0.30 

47.28 

0.30 

Calcium  chloride 

Maflnesium  chloride        

.07 
Trace 
Trace 

lo^dea 

Bromidee 

Uagneaium  bromide 

0.88 
6.52* 

Iron  oxide 

6.6i 

^             0.54 

0.46* 

Silica  

1.61 

Alumina 

0.35 

M^^nganeee 

1 

Trace 
Trace 

Iodine  

Sulphur 

1 

0.50 

Carbonic  anhydride  (dioxide) . . 
Oritanio  matter 

2.44 

Trace 

Nitrogenous  organic  matter. . . 
SiUoatea 

6.'io* 

0.80 



'         1 

Total 

82.34 

186.45 

672.45 

410.54 

87.86 

6fcMef. 
Carbonic  acid 

Cubie  inehet. 
5.1643 

Oubie  inches. 
11.500 
4.000 
4.758 
7.747 

122.02 
22.06    < 

Sniphnreted  hydrogen .... 

Oxvsen    1.  ..T. 

NS5«en::.:..::...::::::.:;:: 

64.88 

Constitwmta. 

Ott's  Well. 

Tar  Springs. 

Hosea  Sa- 
line Sulphur , 
Sprinir. 

Trinity 
Springs. 

Sodium  fiM*bonate   

imp.  gauon.' 

Qraimper 

Oraineper 
imp.  gauon.* 

Oraineper 
impgaUon.' 
0.14 

Magneaium  carbonate 

Magnesium  bicarbonate 

Calcium  carbonate  ...        

167.04*" 

i'40 

4.03 

8&20 

6.71 

Cal<rf^n>  bicarbonate , 

401.08 

25.03 

Potaaainm  carbonate 

0.08 

Iron  carbonate ...  ....  , 

14.66 
20.00 
11.10 
42.76 
26.86 

4.51 
4.24 
2.03 
10.80 

Sodiam  snlphate 

808.76 

11L25 

11.88 

221.42 

11.67 

60.66 

0.42 

Potassinm  sulphate 

0.11 

Magnesium  snlphate 

6.00 

Calcium  sulphate 

Lfifi 

Aluminium  snlphate - 

Sodium  chloride 

468&76 

10.  CI 

Calcium  chloride 

0.85 

Magnesium  chloride  ...%. 

1.82 

lodJdea 

1         Traces 

Bromides 

Ferric  oxide 

Trace 

Silica 

0.00 

Total 

5328.75 

50.00 

887.28 

32.08 

• 

0as. 

&2 

■S.  T.  Cox,  analyst 
^  J.  G.  Pohle.  anaSysti 
*0.  M.  Wetherell,  analyat. 


'With  oaldnm  fluoride,  iron  peroxide,  and 
•G.  M.  Levettti,  analyst. 
'John  F.  Elsom,  analyst  (1883). 
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Wert8«nitoiia8pEl]WL 

Tens  Haute 

Artesian 

WeU. 

Thomas** 
MlneralWeU. 

Tan  Cleave 
Mineral 
Springs. 

SpriUKNaL 

Spring  Ka  2. 

Solidt. 
Sodium  oarboiiAto  

imp.  gaUon.* 

Orainap^r 
yoUon.* 

Ptorte  in  1,000. 

Oraibuper 
aaUotL.* 
^0.17 

0.08 

Mftgnesinin  oarboiutts 

8.82 

liagnesinm  bioarboaato 

6.42 

Ofllclnni  cftrbonatfl     .......... 

L84 

8l80 

Calcium  bicarbonate 

2&08 

FotMslum  cArbonato 

a  14 

In>n  carbonate 

0.08 

Sodium  sulphate 

0.20 

7.82 

2.82 

Traoe 

Trace 

816.00 

4.88 

1.28 

6.48 

Tiaci' 

0.06 

Calcium  aolDhlde 

Sodium  chloride 

7&80 
8.68 

0.70 

Pntamlnm  chloride 

Hacnedium  ohloride 

a  81 

Allcalinechloridea  

8.88 

Calcium  oxide 

2.48 
0.17 
2.26 

8.04 

Alkaliee 

Ferric  oxide 

2.07 

Iron  oxide 

}      --{ 

Silica 

}      -{ 

ao7 

Alnmina •>>.  .... 

0.22 
1.26 
&76 
a64 

8.86 
1.26 

Chlorine 

Solnhurio  aold            

Phoephorioaeid 

LIO 

InMolnble  matter 

0.60 

L04 

Total 

16.28 

10.40 

86&07 

84.81 

22.84 

tifOMt. 

Carbonic  acid 

Pieaent 
Present 

0.02 

Sulohureted  hTdroffen 

•X.  T.  Cox,  analytl  (1876). 


*  J.  a.  PoUe,  analyst. 
(268) 


•T.  M.  SteTens,  analysts 
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WTMidoUe 
Spring. 

CMnenm 
Springs. 

St 

Bgum'e 

Well. 

Spring  K0.L 

SpriiicKll.S. 

Sodium  oarbODttte 

imfi.gaUoiL* 

47.00 
48.06 

OmUuptr 

Tro4 

7.20 
2185 

0raini9er 
JHW.  ooiJon ." 

Parttin 
100,000.* 

6>niln#i» 
1,000  «ii.«m.« 

MAgnenlniD  OArbmiAte ......... 

8.88 

80.808 

PotaMinm  oarboiiftte 

0.76 

88.18 

0.88 

AlainlDinin  cftrboiwto 

ts 

121 

L04 

28.49 

0.40 

Potanninm  imlpbAto 

48L88 
18.48 

&41 
8&80 

&78 

83.88 
180.07 

C»]oiiini  snlpbi^ 

1178 

Sodlnm  chloride 

87.40 

0.S8 

0.508 

C»ldnm  ohloridA 

PoYll4Mlf Vlfn  chloride. 

7.80 
11.04 

Ma^efllnmohloTidtt...^ 

18.08 
Treee 
TiMe 

Bromides 

Magneeinm  OKide 

10.801 

2170 

Calcium  oxide 

180 

Iron  oxide 

CLIO 
OifiO 

Tnce 

Silice    

0l20 

LOOS 

Alaminft 

Trace 

Sodiam 

0.40 

Chlorine 

0.82 

Salpharic  eeid 

05.20 

.•■..... •••■•• 

i'oo 

Tmce 

Treoe 

Xjom 

&58 

ToUl 

282L90 

80184 

6&80 

41048 

9172 

fifofit. 
Cerbonioeoid 

7.447 

8.881 

0.037 

901871 

11.110 
180S 

0L847 
181174 

158 

Oxvffftn  ..nn,... ....-,.... 

1.06 
4.40 

iRkSh     I     :;..!:" 

■  B.  T.  Cox,  ennlyst. 


kStoolder,  eniJyet  (1884). 

(269) 


•  F.  W.  AohlUee,  annlyet  (18n). 


Digitized  by 


Google 


142 


MINERAL   SPRINGS   OP  THE   UNITED   STATES. 


[BULLS2i 


ILLINOIS. 

The  State  of  Illinois  appears  to  have  a  fair  proportion  of  mineral 
springs,  although  so  far  as  known  very  few  are  ntilized  either  commer- 
cially or  as  resorts.  Chalybeate,  salphureted,  and  saline  waters  pre- 
dominate.   Brine  springs  are  found  in  a  number  of  counties. 

The  most  prominent  source  drawn  upon  in  the  preparation  of  the  list 
given  here  has  been  the  Economical  Geology  of  Illinois,  by  A.  H. 
Wortheu,  published  in  1882,  which  republishes  from  the  original  six 
volumes  on  the  geology  of  the  State  all  that  relates  to  its  economical 
geology.  Comparatively  few  of  the  Illinois  mineral  waters  have  been 
chemically  analyzed. 

Mineral  tpHngi  of  IUinoi$, 


Ktt 


CbanoteroftiM 
wat«r. 


Bemarks. 


Alcyone   Hinenl  Spilagt,  Westeni 

SpriDfft,  Cook  CouDty. 
Artesian    Well,  Illinois  City.   Book 

Ifthnd  Connty. 
Csrbnreted  Spring,  4  miles  northwest 

of  Deoatar,  Macon  (Joanty. 
OhahfbeaU  ipringt: 

In  Boone  Connty 

On  Cache  Rlrer,  near  Ullin,  Pn- 

laskl  County. 
On  Cedar  Creek,  near  Reynolds- 
bars.  Johnson  Connty. 

Near  Fairfleld,  Wayne  Connty 

Near  McLeanaboToni^h,  Hamilton 

Connty. 
Near  month  of  Saline  Riyer,  Har- 
din Connty. 
In  see.  2,  T.  6  N.,  R.  5  E.,  Ei&ngham 

Connty. 
In  sec.  29,  T.  11,  R.  9,  Hardin  Co  . . . 
In  Hec.  12,  T.  12,  R.  4,  Jobnsob  Co. . . 
In  sec  29,  T.  19,  R.  6  £.,  Piatt  Co  . . . 
In  sec.  25.  T.  11,  R  6.  Pope  Connty. 
Chalybeate  Well,  between   Big   and 

Talfer  Creeks,  Effingham  Connty. 
De    Foe's    Mineral    Well.   McLeans- 
borough,  Hamilton  Conntv. 
Dixon  Springs,  sec  16,  T.  13,  R  fi,  Pope 

Connty. 
Ganymede  Spring,  near  Oregon,  Ogle 
Connty. 

Green  Lawn  Springs,  Monnt  Yemon,? 
Jefferson  Connty.  S 

Glen  Flora  Springs,  near  Wankegan, 

Lake  Connty. 
Holderman's  Artesian  Well,  sec  8,  T. 

33  N.,  R.  8  E.,  Gmndy  Connty. 
House's  Mineral  Sprlrg,  sec  16,  T.  85, 

R.  8,  Kendall  Connty. 
MoDaniel's  Mineral  Springs,  north  of 
McLeansborongh,  Hamilton  Connty. 
Mineral  tpringt: 

In  sec  27,  T.  9,  R  8.  GaMatln  Co  . . 
In  sec  16,  T.  11 S.,  R  2  W.,  Calhonn 
Connty.     « 

At  Jngtown,  Grnndy  Connty 

On  Mason  Creek,  tf  mndy  Connty  . 


2,4m 


Used  oommerolally. 
Resotl 


Carbureted  and 
snlphoreted. 


8,000    I. 


250 


I  46 


Chalybeate  . 


Alkaline. 


Saline,  ohalyb-} 
eatc  > 

Alkaline 


Snlphnreted . 


do. 


Saline,   snlphn- 
reted. 


do. 
..do. 


Was  formeiiy  a  resort. 


Resort 

Water  is  to  be  placed  c 
sale. 

Rsaortb 

Used  oonmercially  ai 
asaresoit. 


UniinpioTBd* 
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Mineral  aprings  of  Ulinais — CoDtiuued. 


Name  and  looation. 


Ui%enl 


henl  jnnMot— CoDtinQed. 

la  MO.  8,  T.  82  N..  B.  8  X.,  Orondy 

County. 
In  Mc  23.  T.  85,  B.  8.  Kendall  Co . . . 
Iiiiac.ie.T.85.R.8.KendallCo  .. 
Opwwito  Bai&ao  Rock,  La  SaUe  Go 
AtloweU.  La  Salle  County 


I 


On  Clark's  Bos,  near  Utica,  La 

adleCoonty. 
At  Wanaw,  Haaoook  County  — 

Id  see.  22,  T.  11  &,  B.  2  W.,  Union 

Coonty. 

In  Waehlnffton  Comity 

At  Srie,Whilealda  Coonty 

In  eeei  27,  T.  2  N.,  B.  6  B.,  Wayne 

Goanty. 

Ferry  Sprbiga,  Perry  Springa,  near) 
Pecty,  Pike  County.  j 

Fhlftr't  Ckalybeate  Sprinfea,  eeo.  81,  T. 

6  N..  R.  a  E^  Fayette  County. 
BlDDaJiWel]aSprin|ca,neai  ' 

fioek  lalaod  County. 
Bockfiord  Artesian  WeUa,  Bockfofd, 

Wlonebago  County. 
Bom  Mineral  Springa,  Prospect  Hill, 

Ssltae  County. 
Saibr't  ^nings,  Sailor  Springs,  Clay 

Coon^. 
Sefaujler   County   Spring,    Sohuyler 

CcUBtT. 

SprlDg  valley  Springs,  8  miles  east  of 

UUca  and  7  nUes  west  of  OtUwa, 

U  8aOe  County, 
Holpfaor  Pbwder  Spring,  near  Buck 

Horn,  Brown  County. 
YenaOles  Mineral  Springs,  near  Y  er- 

asUIes,  Brown  County. 
Voiis  &  Co.'8  Arteolaa  Well,  Taaewell 

County,  opposite  Peoria. 
WasMm's  Chalybeate  Spring,  see.  28, 

T.  11,  B  6,  Pope  County. 

'•     «    .         ..      .^^^ 

uCo. 
Co 


Western  Saratoga  Springs 
— '-  1),  Western  8uat< 


i.  ,^f 


Pi 


Character  of  the 
water. 


Sulphuxeted . 


Snlptaureted 

Saline 

Saline,   sulphu* 

reted. 
Saline,  sulphu- 

Ssllne,  chalybe- 
ate. 
Carbureted 


2,000+ 


1,000-H 


52 


46 


Saline 

Saline,  sulphu- 
reted,  and  cha- 
lybeate. 

Chalybeate 


Bemarka. 


)  Used 
h     asa 


oommeroially  and 
resort. 


Carbonated Used  locally. 


Saline,   snlphu- 
reted. 


Saline,  chalybe- 
ate. 

Saline,   sulphu*     Not  improved  as  resort, 
rated. 


, .,  UnhnproTed. 

Alkaline '  Once  a  resort. 


Saline,  sulphu- 


Carbonated . 


.   Beeort. 

.|  Used  commercially. 

I 
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Alcyone 
Mlneial 
Springs. 

Ganymede 
Spring. 

Glen  mora 
Springs. 

Perry  Springs. 

Constitiieiita. 

• 

NaL  Middle 
Iron  Spring. 

Spring. 

Now  8.  Lower 
Snlpbnr 
Spring. 

imp.gOL*' 

ChnUnt 
per  gaUan.^ 

'"  o'iii" 

8.200 

Graifu 
pergaUon.* 
0.45 

OraSnt 
pergoOan.^ 

QravM 
pergaUon.* 

OrainM 
pergaXbm.* 

PotAMinm  carbonate. . 

L60 

L46 

1.46 

Calcinm  carbonate. . . . 

i&eo 

1&57 

1&88 

10.76 

10.06 

Magneainm  carbonate. 

ate. 
Iron  bicarbonate.  ..*... 

8.506 

18.70 

ILOO 

0.11 
1.85 

17.01 

0.66 
0.44 

1481 

0.40 
1.10 

10.40 
0.27 

Sodinm  fialpbate 

Sodium  cbloricle 

8.89 
4.80 

L48 

0.158 
0.101 
a028 

0.18 

Pntaiuiiom  rlilorlde . 



Alnm^nlnm  nllinAte . . . 

0.27 

PAlaAalnm  ailtcate    . . 

•2.84 
0.12 

•2.28 
0.88 

4.46 

Sodinm  silicate 

0.58 

Silica 

0.88 

0.082 
0.081 

0.01 

Ozide,iron and  alumina 

i  InrsniA  m^f tAi>    

0.10 
0.16 

Alumina               

'L98 
4.88 

Carbonic  add  (flree)  .. 
golplmr 

Trace 

Total 

48.08 

20.024 

80.41 

88.24 

40.17 

87.  «7 

Constituents. 

Schuyler 
County 
Spring. 

Orains 
pergalL" 

Ter8aiU« 

--      - 
Ko.l. 

»  Mineral  Springs. 

Spring  Valley 
Springs. 

Bockford 

Artesian 

Well.  No. 

1. 

Zonian 
Spring. 

Ko.  2. 

Oraine 

per  imp. 

gaXL* 

10.00 

Maneidc 
Spring. 

No.  I. 

No.  2. 

SoUdt, 
Sodinm  bicarbonate. . . 

Oraint 

per  imp. 

gaa* 

10.00 

QraifM 
pergaiLt 

Omine 
pergaU.^ 

Ontine 
pergtOL^ 

Pa^in 
1,000.< 



Graiina 
pergaXLl 

Sodium  carbonate 

"14.00 

.  1         ....!    

0.457 

Potasftium  carbonate  r 

1 

Trace 

Trace 

! 

Calcinm  carbonate  . . 

aoo 

7.28 

.13* 

9L688 

Calcium  bicarbonate. . 

17.48 

28.22 

Mameslnm  carbonate. 

i'06 

8.40 

4.00 

.12S8 

_  .      

2.488 

Magnesium  bicarbon- 
ate. 
Perrons  carbonate .... 

12.67 

11.78 

0.00 

1 1 

Iron  carbonate 

1                   1 

0l480 

Imn  bicarbonate 

k2.14 

1 1 

8&10 



14.60 

.0006 
.0000 

1.747 

Potassium  sulphate. . . 

Calcinm  sulphate 

Alkaline  sulphate.... 
Magnesium  sulphate. . 

78.04 
7.84 
2.08 

60.00 

2L08 

Traoe    i     8.84 

1.00 



0.12 

4.82 

1 

Trace 
.0002 

Sodium  chloride'. 

Trace 

Trace    '    Trace       34.80 

2&28 
18. 16^ 

0.707 

Calcium  chloride 

1 

|88.72 

Mamesium  chloride . . 

1 

::::::::::  ::::: 

8ilica  

1.81 

0.82 

•0.78 

Trace 

1.70           1.40 

.0107 
.0000 

{  «.« 

Alumina..T-^r-  

.        1         \  ...         \ 

Organic  matter 

Trace 

0.24 

0.27 

.0000 

' i 

Total 

150.03 

44.02 

40L83    1      20.83      120.24 

76w47 

.8028 

Iflb740 

Carbonic  acid 

OiMein. 

OtMein. 

(Mnoin. 

OuHoin, 
24.00 

OtAiein. 

(hOriein. 

Ckibieiei. 

0.898 

■Wheeler  A  Bbmey,  analysts, 
k  E.  M.  Hall,  analyst  (1885). 
•J.  y.  Z.  Blaney,  analyst 
'  Henry  Bngleman,  analyst 


iBrastos  G.  Smith,  analyst 


•With  soda. 

'With  iron. 

f  G.  A.  Mariner,  analyst  ^  \^ith  traoe «,.  .»-. 

k  James  B.  Chilton,  analyst  (1868).  >  With  tnoe  of  Iron. 

(272) 
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MIOHIOAN. 

The  mineral  waters  of  Michigan  are  derived  to  a  great  extent  from 
wells,  which  are  nevertheless  locally  termed  mineral  springs.  Many  of 
these  wells  are  artesian  and  were  frequently  snnk  originally  for  other 
purposes  than  to  find  mineral  waters.  The  artesian  borings  are  espe- 
cially in  the  corniferous  limestone  and  the  Huron  group  (Devonian). 
Prof.  Alexander  Winchell  says:  "  The  conformation  of  the  strata  has  re- 
tained all  their  original  soluble  constituents;  hence  all  artesian  waters 
in  the  State,  save  some  outlying  leached-out  patches  of  the  Parma  sand- 
stone, will  be  found  mineralized."  The  waters  are  classed  as  saline, 
carbonated,  and  sulphureted.  The  saline  and  sulphureted  springs  pre- 
dominate. The  brines  of  Michigan  (which  are  not  included  in  our  list) 
form  an  important  factor  in  the  industries  of  the  State,  nearly  half  of 
the  salt  product  of  the  United  States  being  credited  to  Michigan.  The 
supply  is  derived  mainly  from  artesian  borings.  So-called  magnetic 
springs  are  prominent.  Professor  WincheU  says  their  waters  are  not 
themselves  magnetic,  but  that  marked  magnetic  phenomena  manifest 
themselves  about  the  wells. 

The  list,  as  given  here,  has  been  drawn  principally  from  State  geo- 
logical reports  and  from  an  essay  on  the  magnetic  and  mineral  springs 
of  the  State,  by  Dr.  Stiles  Kennedy. 

Mineral  springs  of  Michigan. 


Kame  and  location. 


Character  of  the 
I  water. 


8 

9 

H 


Bemarks. 


Alpena  Mamietlc  Well,  Alpena,  Alpena 

Connty. 
Berrien  Springs,  Berrien  Springs,  Ber- 
rien Conntry. 
Bntterworth's  Magnetic  Spring,  Grand 

Bapids,  Kent  Connty. 

Cascade  Springs 

Chalybeate  springe : 

Near  Ann  Arbor,  Washtenaw  Co. . . 

At  Canton,  Wayno  Connty 

At  Ecorso,  WavDe  County 

At  Flat  Rock,  Wayne  Coanty 

At  Van  Baren.  Wayne  County 

Near  SprincviUe,  Lcnawco  County 
Eaton  Kapids  Magnetio  Springs  and 

Well,  Eaton  H-ipids.  Eaton  County. 
Erie  Sulphur  Spiings,  Erin,  Monroe  Co 
Flint's  Magnet  IP  Springs,  Throe  Rivers, 

Saint  JoM>ph  Connty. 
Fmitjport  Artesian  and  Magnetic  Well, 

Fruitport.  Muskegon  Co. 
Grand  Haven  Mineral  Spring.  Grand 

Haven.  Ottawa  County. 
Grand  Ledgo  Magnetic  Wells,  Grand 

Ledge.  Eaton  County. 
Habbaidstoii  Maguot'ie.  Spring,  Hnb- 

hanlston.  Ionia  County. 
Lansing  Magnetic  Well  (1,400  feet)  or 

Michigan  Congress  Spring,  Lansing, 

Ingham  Coonty. 

BuU.  32 XO 


62 


48 


60 1 


53.5 


Sulphureted . . . 
Saline 


Resort. 


Do. 


Calcic  . 


Saline 

Saline,    sulphu- 
reted. 
Saline 


Calcic 

Calcic,   chalyb- 
eate. 
SaUne  


XTnimp'ovj''. 
Resort. 

Has  local  rcpiiiiit.oii. 


Resort. 
Do. 
Do. 
Do. 
Do. 


(273) 


Digitized  by 


Google 


146 


MINERAL   SPRINGS   OF   THE   UNITED   STATES. 


[BULL.I2. 


Mineral  9prifig$  of  MiMgan — ContiDne^l. 


Name  and  location. 


L«plio  Magnetic  Wella,  Leslie,  Ingbam 

Coanty. 
Midlund'-Magnetic  Well,  Midland,  Mid- 
kind  Co. 
Mineral  Well,  Arcade  building,  Grand 

Rupida,  Kent  Count  V. 
Moorman  Well,  Ypnilaoti,  Waabteuaw 

County. 
Mount  Clemena  Mineral  SpiiDga,Monnt 

Clemena.  Macomb  Connty 
Ogoniair    Mineral    Springs,    Ogemair 

8pi  infra,  Ogemaw  Connty. 
OtM-go  Mineral  Springe.  Otaego.  AUe- 

ran  Connty. 
Ononao   Chalybeate   Spring,  Owoaao. 

SbiuwaMieo  County. 
Owen'M  M  ocral  Weil,  Ypailanti,  Waali- 

fcnaw  County, 
vernide  Magnetic  Mineral  Springs, 

SpringwelTs  Fort»  near  l>etroit, 

\vavno  Connty. 
Saint  Clair  Miuiitil  Spring,  Saint  Clair 

Springs.  Saint  Clair  County. 
Suint   Louis   Majmctic  Spring,  Saint 

Louis,  Gratiot  County. 
Spring  Lake  Magnetic  Well,  Spring 

Lake.  Ottawa  Connty. 

Bbawnee  Mineral  Springs,  Monroe, } 
Monroe  County.  > 

Sulphur  nringt : 

In  Aan  Township.  Monroe  Connty 

In  Brownstown  Township,  Wayne 
Connty. 

In  Ex  ter  Township.  Monroe  Co . . . 

At  D^irbom,  Wayne  County 

Near  Dundee,  Wayne  County  .... 

At  Gibraltar,  Wayne  Connt  v 

Near  La  Salle,  Monroe  County 

Ncir  Monmo,  Monroe  Connty 

Near  BaisinTillo.  Monroe  County  .. 
Warner's  Spring,  Alb  on,  Calbonn  Co. . 

Wyandotte  White  Sulphur  Sprit  g,  10 
miles  from  I>otroit,  Wayne  Connty. 

Ypailanti  Mineral  Well,  Ypsilanti, 
Washtenaw  County. 


6 

i 


1§     j 


i 


a 


47 


67i 


e 

10 

1  I 
2! 


Character  of  the 
water. 


Calcic,    carbon-  I 

ated.  I 

Saline    I 


K«m*rka. 


Resort. 
Do. 


M.6 
SO 


50 

B 


5&1 


Calcic 

I 
Saline,  sulpha-     l7He<loommerciaIIyand 

reted.  as  a  resort.. 

Saline i  Used  commercially. 

Chalybeate,  &c     Local  reputatien. 

Kesort. 

Chalybeate    Do. 

Saline,   snlphu-     Used  commercially. 

leted. 
Calcic,  aaline  —    Bathing  resort. 


Saline 


Do. 


Alkaline,  carbo- 
nated. 
Saline Beeort. 


Alkaline,  calcio. I  Sanitary  resort 


Weak  alkaline, 

calcic. 
Sulphnreted Bathing  resort. 

Saline,   snlphn-    Used  commercially  and 
rated.  |     aaareaort. 
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Eaton  Rapids 

Magnetic  Springs  and  Well. 

ConsUtnents. 

Bodine 
Spring. 

Frost  Well. 

Moaber      '       Sbaw 
Spring.            Spring. 

Sterling 
Spring. 

SoKdM. 

Oraiiu 
per  gallon.* 

Orainaper 
imp.  gaUon.^ 

Orains             Orains 
per  gallon.*      per  gallon. • 
5.38                  11.57 
....                1  . 

Grains 
per  gallon.* 

Sodinm  bicATboDAtd 

6.05 

PotaMinni  carbonate 

1.15    j               1.27 

i6.'43"| 20.74 

1 .   . . 

PoUuuiiuni  bicarbonate 

Calcium  carlionate 

3.00 

40.24" 

Calcium  bicarbonate 

40.47 

M Agnesiniu  carbonate 

9.11 

4.52 

3.84 

MainiCBinm  bicarbonate 

8.40 
2.25* 

Iron  carbonate   

2.38 

2.80 

Iron  bicarbonate 

LOO 

2.23 

Sodium  Bulobate  .   ........... 

12.69 

Calcium  anlpbate 

67.60 

4.64 

45.16 

48.13 

55.20 

Masneaium  aulpbate 

9.40 

Somnmcbloride 

Silica        

1.60 
2.00 

9.2i 
16.74 

0.90 

0.90 
2.54 

0.85 

6.00 
1.40 

0.90^ 

*5.2l 

Qocanic  matter 

Lotts 

* 

Total 

120.17 

88.22 

80.93    ;             90. 9R 

85.20 

Gat. 
Carbonioacid 

Oubie  inches. 
17.35 

Cubicinehse. 
22.22 

OuMo  inches. 
15.38 

Cubieinchee. 
16.97 

Fmitport 

Artesian  and 

Maguetio 

Well. 

Alpena  Mag- 
neiio  Well. 

Butter- 
worth's 

Magnetic 
Spring. 

Rivei-side  Miignctic  Springs. 

Conntituenta. 

Spring  No.  1. 

Spring  No.  2. 

Sdidit, 
Sodinm  carbonate 

Orains 

Orains 
per  gallon.^ 

Orains  per 
imp.  gallon.^ 

Orains 
per  gallon. 

Grains 
pergatton. 
2.80 

Sodinm  bicarbonate 

6.52 

15.74 

6.00 

Calcinm  carbonate  ...... ...... 

16.40 

11.16 

6.11 
4.16 

56.14 
62.02 

10.01 
7.02 

0.23 

liagneaium  bicaibonate 

Iron  carbonate 

0.10 

Iron  bicarbonate               

7.50 
0.10 
46.00 

1.84 

1.17 

ICangancse  bicarbonate 

So<linm  snlobate 



Calcinm  snlpbate 

80.06 

90.10 

114.42 
44.82 
31.79 

160.77 

Maipieainm  sulpliate 

Sodium  cbloride  

464.03 
0.43 

111.  11 

46.81 

0.77 

Trace 
10.60 

68.25 

15.28 

11.79 

7.33 

50.24 

310.66 

Potaaainra  chloride 

42.66 

Miypieaium  chloride 

25.9<(i 

109b  77 

Bromide 

Alumina 

j            3.09{ 
1            0.92 

0.49 
0.62 

0.80| 

'0.51 

Silica 

Trace 

0.21 

Organic  ma;  ter 

LOM 

Total 

703.13 

237.96 

200.94 

232.80 

638.66 

Otues. 
Carbonic  aold 

Oubieineh^ 
7.0U 

Oubie  inches. 
8.40 
85.36 
0.24 

1  Oubicinehes. 

Oubie  inches. 

Snlnhnreted  bTdrofren 

19.02 

14.77 

NiSogenr.   . .V.   . ::::.. 

\ 

•  R.  C.  Kedzie.  analys 
*8.P.Daffleld,analvi 

•  C.  T.  Jaokaon,  anaiy 

L 
It. 

St 

*  With  BO 

•C.G.  W 
'With  CI 

idinm  carbonai 
heeler,  analyst 
ilcium  phosplu 

JO. 
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f  BULU  32. 


Grand  Ha- 

Ten  Mineral 

Spring. 

Hnbbards. 

ton  Magnetic 

Spring. 

Lansing 

Magnetic 
Well. 

Leslie  Mm- 
netioWelS. 

Midland 
Magnetic 

vF2l 

SoUdM. 
Sodinin  oarbonatfl 

Qraini 

Grains 
pergaUon.^ 

Qraintper 
imp.  gallon.' 

ara4n» 
pergaUon,* 

Oraimiper 
imp.  gallon.* 

Sodlam  bicarbonate 

112.08 

5.27 

PotafiBiuiD  onrbooato .......... 

2.74 

PotaMiam  bicurbonato . . .  .... 

4.55 

Caldani  carbonate 

2.01 

Calcium  bicarbonate 

28.81 

107.59 

8d.«' 

Magnesinm  carbonate 

Magnedinm  bicarbonate 

1.62 

ia7i 

23.08 

i.'88 

80i06 
14.94 

io.53 
i"27' 

0.08 

Rnrllnffn  unlnhfttA 

7L29 

22.07 

Potaeainm  aalnhate   

82  19 

7.04 

4.46 

AlnTnininn  nhoRnhate 



1.73 

Sodium  chloride      

808.03 
1.93 

14&05 

71.68 

0.05 

0.17 

0.05 

820.22 

82.70 

PotaAAium  chloride 

Calcium  chloride 

6L22 

M.tfnieaium  chloride 

M?mnwiin»n  iodfder ............ 

2.19 

ItfairnAfiintn  bromide 

. 

Calcium  fluoride 

0.16 

1 

Alumina  ..r..  .  .  .......  .... 

0.80 
1.05 

1 

Silica 

a  14 

8.97 

2.08 
a65 

2.97 

Organic  matter 

2.47 

Ixiu    

&21 

Total 

00&89 

84.88 

613.77 

68.01 

160.  n 

GfM. 

Carbonic  aoid 

CMneinehet. 
285.55 

Oulfteinehet, 
13.5 

Monnt  Clemens  Mineral  Springs. 

Mdant  Clem 

ens  Mineral 

9lL 

Spring. 

Boolbad 
Spring. 

ScUdB. 
Caldnm  cairbonate. 

Oraint 
p^gaaanJ 

0.70 
5.80 

Oraim 
p0rgaaon.t 
^T  98 
Trace 

ptr  gallon.' 
91.00 
0.70 

ptrgaUon.' 
Traoe 

Maftnf^^fiYni  oarbcmate 

Traico 

Iron  oarboni^ 

Sodium  sulphate 

77.26 
85.20 
Trace 

Calcium  aniphate 

100.56 

1480 
Traoe 

11,741.00 

44.00 

Potaaaic  aalta 

Traoe 

Sodlosalta 

Calcicaaltfi ..  ..... 

11,18L00 

MagneBic  salts 

Iron  snlphide 

Trace 

8,637.44 

172.41 

129L60 

Bodinm  chloride 

11,900.00 
084.50 
64&48 

a  07 

6.87 

Calcium  chloride 

MaEnrwium  chloride 

Ma^esiom  iodide '. 

Magnesium  bromide 

Iron 

8L56 

5          29l00 

{          28.00 

&60 

0.07 

Trace 

Tiaoe 

Alnmina ,.......,,, 

29.47 
27.60 

1           8.97 

0.82' 

Trace 
Trace 

11.21 

Silica 

Bromine 

Trace 

Iodine 

0.06 

AmmmilA 

Traoe 

Orflanio  natter - 

Total 

13.654.83 

9,065.17 

11.021.07 

11.236.26 

snlphide 

Oasei. 

Hydrof^en  sulphide  or  dihydric 
Carbonic  acid 

Chihieinehet. 
40.00 
5.85 
Present 

OuMeineKet, 
27.52 
Trace 

OuMcinehsB. 
40.00 

88.00 

>C.  6.  Wheeler,  analvst 
^P.  H.  Douglass,  analys:. 
•Dr.  Jennings,  analyst 


'R.  C.  Kedzie,  analyst. 
•  S.  P.  Dui&eld,  analyst. 


'8.  P.  Dnffield.  analyat  (1884). 
•H.  F.  Meier,  analyak 
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Constitaents. 

Owoaaa 

Chalybeate 

Spring. 

SpriDgLak. 

St  Clair 
Mineral 
Spring. 

St.  Loais 

Magnetic 

Spring. 

OteesoMin. 

eral  Springs. 

Sottda. 
Soditun  bicarboDftte 

<7ra<fu(f) 
perffoUan. 

arain$ 

(5:05 

Qraint 
p&r  gallon. 

Ora%n§per 

Graifu 
pergaUon.* 

Calciam  carbonate 

0.15 

2&<r7 

0.13 

59.40 

14.29 

Ma^esiani  oarbonate 

LIO 

Maenesiam  bicarbonate 

19.09 
1&92 

0.01 

1.01 

0.05 

45.70 

17.50 
1.20 

1.52 

Iron  bicarbonate  ..-r ,^. 

2.11 

MangBnff  ee  bicarbonate ........ 

Sodinm  eoiphate 

Potasainni  Bolphate  

L15 

Caloiiim  snlplukte 1.. 

140.1^ 

05.60 
6.72 

0.G8 

Calcium  ailioate 

Sodiom  chloride 

}      ^"1 

405.68 

4.29 

113.42 

8&20 

9.655.01 

L55 

Potaasinm  chloride 

Calciam  chloride 

2,487.49 
898.88 

Maffneeiam  chloride 

Chloride 

Trace 

Bromide 

Hi 

Trace 

Trace 

0.60 

T.itbicih      ...     ,.....,,.,. 

1 

Alnmina  ....1 

}        a<B{ 

}     «^"{ 

...:::::::::::":":'"*:::: 

Silica 

2.88 

Silicates 

2.80 

Bromine... 

Trace 
Trace 

Iodine 

AmmnpiA ,,  ,, . . . 

0.02 
1&S9 

Organic  matter 

)            «  «^    1                  

Lois 

i;            2.00 

2.10 

Total 

<S.40 

e2a87 

12,57L78 

272.60 

25.30 

OotM. 
Hydroffon  sulphide  or  dihydric 

15.48 

Trace 
5.21 

Trace 

8.00' 

•  C.  Q,  Wheeler,  analyst 


^S.  P.  Duffield,  analyst 


•  R.  C.  Kedsie,  analyst. 
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Ypailantl  Mineral  Springs. 

Warner's 
Spring. 

Constitnente. 

Ypsilanti 
Well. 

Moorman 
WelL 

Owen's 

Mineral 

WeU. 

Wyaadotte 
White  Sal. 
phnrSpiiag. 

Rodinm  carbonate  .,..«.<- 

Cfrokuptr 
imp,  ffoUon* 

imp.  gcMon.^ 

Qraintper 
imp.  gallon.* 

Qraim 
pergaUon. 

Graintper 
imp.  gaum.* 

^a.38 

Calcinm  carbooate 

68.78 

57.01 

iaoi' 

4.70 
1,70 
2.12 
0.82 
a  30 

44.80 

Calcinm  bicarbonate 

ML  04 

Mflfimofiiam  blear bODftte 

Sodlnm  aiilobato 

25.80 

Fotassinm  sulphate .  .^ 

Calcium  sulphate 

18.02 
170.96 

6&07 
Trace 
Trace 
Trace 
Trace 
Trace 
Trace 

12.10 
882.04 

42.40 
210.78 
124.52 
Trace 
Trace 
Trace 
Trace 
TAce 
Trace 

10.12 
1.888.85 

8&87 
46.64 
02.48 
Trace 
Trace 
Trace 

Trace 
88.21 

MAcmPMinm  HiilnliaiM 

4&a5 

Phoephatee 

Borates             

Lithinm  sallM 

Strontiam  salts 

Barinm  salts    

Trace 
Trace 

Sodiam  sulphide   

'» 

Sodium  chloride 

2.411.08 

1.25 

22.90 

Potassium  chloride - . . . 

Trace 

Calcium  chloride 

172.04 
158.72 
18.17 

2oaoo 

183.74 

18.61 

Traces 

Magnesium  chloride 

Ma/rnenium  bromide,  -  r ,  - . 

57.01 

8.56 

Traces 

Fluorides 

Iron  oxide.  .      ..            ...... 

6.25 

Alumina -- -- 

0.25 
0.18 

}                1.66 

Silica 

1.40 

Silicates          

L07 

Silicon  dioxide 

28.70 
Trace 

Organic  matter 

Trace 

}      '•<«{ 

XiOss    .... 

Carbonic  acid *. 

3a  50 



Total 

1.205.60 

2,707.62 

8,004.14                 31.86    {               283.34 

(7mm. 

Hydrogen  sulphide  or  dihy« 
drlo  sulphide. 

Oubie  inches. 
21.08 

Oubicinehst. 
32.216 

Oubtoineftsf. 
15.527    ' 

Oulricinehet. 

OuMcindui. 

2a  00 

>  A.  B.  Prescott,  analyst  (1883). 
k  James  H.  Shepaid,  analyst. 


•  J.  H.  Shepard  and  W.  F.  PeU.  analysto  (1884). 

*  Coartis,  anidyat. 
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WISCONSIN. 

The  mineral  waters  of  Wisconsin  are  valuable.  Many  of  them  have 
wide  reputations  and  are  largely  sold  in  all  portions  of  the  country. 
They  are  principally  alkaline,  chalybeate,  and  calcic.  The  list  is  based 
mainly  on  the  Wisconsin  geological  reports  and  has  also  had  the  super- 
vision of  trof.  T.  C.  Chamberlin,  formerly  State  geologist.  A  number 
of  springs  have  been  developed  since  the  publication  of  the  State  reports 
and  are  here  included. 

Mineral  springs  of  }Visoon9in, 


Ifame  and  location. 

1 

1 

i 

it 
1 

i 

£ 

1 

o 

53 
5J 

56 

Character  of  the 
water. 

Remarks. 

Arriio  Springs,  Gales villc,  Trempea- 
leau County. 
Artuian  wtlU : 

In  MmUsod,  Dane  County    

In  Oil  City,  Mooioo  County 

In  Pralrio  rtu  Ch'en,  Crawford  Co.. 
lu  Hooddu  l*ac  Fond  dn  Lao  Co... 

3 

4 

1 

12 

8,620 

Resort. 

Alkaline 

Sulplio-chtilyb- 
eate. 

Used  for  city  supply. 
Kot  much  used. 

Barues  8  Spring,  Delavan,  Walworth 
County. 

BeitavHda  ^pHop,  Waukesha,  Wauke- 
sha County. 

Black  Eijrth  Mineral  Springs,  Black 
Earth,  Dane  Count  v. 

Bristol    SofJa    Springs,   Woodworth. 
Kenosha  County. 

Bnikhcrt's     Fountain     Waterlown 

.. ..|. ....... 

1 
2 

4,200 

48 
44 

Alkaline,  calcic. 
Chalybeate,  &o . 
Alkaline,  saline 

Used  commercially  and 
asaiesort. 
Do. 

Unimproved. 

1 

700 

47 

Do. 

JefTiTrion  County. 
OaXcarto^i*  or  tracertine  ttprings : 

In  sections  0  and  7.  Empire  Town- 
ship. Fond  du  Lao  County. 
At  Lovers'  Glen,  Brooklyn  Town- 
whip,  Green  Lake  County. 
At  Dehivan,  Walworth  Co  

Calcic 

...do 



...do    

In  9<ction  24,  southwest  quarter 
Oartford  Township.   Washing- 
ton Co. 

In   sections  11,  14,  15,  Walworth 

....do 

.... 

...do 

Township.  Walworth  County. 

In  section  21,  Taychcodah  Town- 
ship. Fond  du  Luo  County. 

In  section  1,  Whitewater  Town- 

...do  

....do 

ship,  Walworth  County. 
Cedarbnrg  Springs,  Cedarbiirg,  Ozau- 
kee County. 
Chalybeate  tprings : 

In  Ahnapee  Township,  sec.    26, 
range  20  cast,  Kc  wnunec  County. 
In  Byron  Township,  sec.  16,  south- 
east quarter.  Fond  du  Lac  Co. 

i 

! 

east  quarter.  Fond  du  Lao  Co. 
At  Grande  ('hute,  Walworth  Co. 

1 

In  Herman  Township. sec. 29,  north- 
east quarter,  Dodge  Coiinry. 

In  Hortooia  Townahip,  section  18, 
Outagamie  County. 

In  Luke  Mills  lownHhip,  section  1, 
north  half.  Jefferson  County. 

In  Whitewater  Township,  st-ctlon 

2 





j 

15.  eairt  quarter.  Walworth  Co. 
At  Whitewater.  Walworth  Co 

!       1 

Cljsmio  Springs,  Waukesha,  vVanke- 

•ha  County. 
Crescent  Spring,  Waukesha,  Wauke- 

•ha  County. 

! 
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Mineral  springs  of  Wisconsin — CoDtinned. 


Name  and  location. 

1 

1 

1 
1 

1 

ChanK^terofthe 
water. 

Bemarks. 

• 

Eureka  Springs,  Milwaukee,  Mllwaa- 

kee  Connty. 
Fountain  Spring,  Waokeaha^  Waake- 

•ha  Coanty. 

Gihon  Sprinsa,  De]|iTan, Walworth  Co. 

^  Glean  Springs^  Wankesha,  Wankeaba 
Connty. 
Oomber  a  WelL  Brodbead.  Gieen  Co  . . 

o 

8 
2 

45,000 

146) 
^toS 

48 

Calcic,  alkaline. 
Alkaline 

{Used  oommercially  and 
I    aaareaort. 

Do. 

Haoket*8  Spiing,  Hale'a  Comera,  liil- 

wankce  ConDty. 
Horeb    Mineral    Spring,  Wankeaba, 

Waokeitha  County. 
Hnnter*a  Magnetio  Mineral  Fountain 

(arteoian).  Fond  dn  Lac,  Fond  dn 

Lao  County. 
Hygeia  Spring,  Wankeaba,  Wankeah* 

County. 
Jacob's   Artesian   WiU.  Milwaukee, 

MUwankee  County. 
Jordan's  Mineral  Well  (65  feet),Galee- 

1 
1 

Caloio,  alkaline. 
Alkaline,  caldo. 

TTnimnTOTM)  *    nAed.   hv 

l.fiOO.|- 

48 

cally. 
Used  commercially  and 
aaareaort. 

4 
1 

10,000 
18,000 

47 

Alkaline,  caloio. 

Caloio,  aaline.. 

Caloio,  chalyb- 
eate. 

Beaort 

Lethean    Spring,  Waukesha,  Wauke- 
sha County. 
Lowe's  Spring  (see  Palmyra  Springs). 

County. 
Market   Square  Spring,  Milwankee, 

Milwaukee  Connty. 
Mineral    Rock    Spiing,    Wankeaba, 

1 

•• 

2.200 

50 

Used  commercially  v^ 

Wankeaba  Connty. 
MinertU  tpringt : 

At  Kaukauna^  Outagamie  Connty . . 
Near  Sussex .  Wankeaba*Countv . 

Snlpbureted  — 

as  a  resort. 

UnimpTored;    nued   lo- 
cally. 
Used  locally. 

At  Bast  Troy,  Walworth  Countv. . 

Mineral   Spring  Artesian   Well.  OU 
City,  Monroe  Connty. 

Kemahbin  Mineral  Springe.  DeUfleld. 
Waukesha  County. 

New  Saratoga  Springs,  Star  Prairie, 
Saint  Croix  County. 

Norwalk     Mineral    WeU,  Norwalk, 
Monroe  County. 

Oakton   Springs,  Pewaukee,  Wauke- 
sha County. 

Oleson's  Sulphur  Springs,  La  Grange 
Township,  section  9,  Walworth  Co. 

Park  Spring.  Lake  M  ilia,  Jefferaon  Co . 

Palmyra  Springe,  Palmyra,  Jefferson 

2 

50 

Caldo,  alkaline . 
Snlpbo-ohalyb- 
eato. 

8 

800 

46 

Chalybeate,  car- 
bonated. 
Chalybeate 

Beeort. 

Sulphnreted... 

1 

1 
1 

1 

16 

60 

<toS 
(72> 

S 

Uaed  commercially  and 

County. 

Periclaslan  Spa  Springs,  Whitewater, 
Walworth  County. 

Bahr's    Artesian   Well,   Manitowoc, 
Manitowoo  County. 

Kichmond  Spring,  Whitewater,  Wal- 
worth Connty. 

Saint  Croix  Mineral  Spring,  near  Beat 
Farmineion,  Polk  Countv. 

Schweickbardt's  Spring,  Wanwatoea, 
Milwaukee  County. 

Shealtiel  Mineral  Springs,  ne«r  Wau- 
paca, Waupaca  County. 

Sheboygan  Mineral  Spring  (artesian), 
Sheboygan.  Sheboygan  County. 

Sheridan  Springa,  Lake  Geneva,  Wal- 

I 

as  a  aanitarium. 

130 
700 

64 

46 

Alkaline,  caloio. 

Unimprored. 

Used  to  some  extent  as 

resort. 
Used  oommercially  and 
as  a  resort. 

2 

1 

200-h 
8,400 

3.000 

40 

6P 

f60 
^to 
(53) 

Alkaline 

Saline,  calcic... 

.  do 

Da 
Bpsort  to  aamall  ertd*^ 

worth  County. 
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Mimeral  9pring$  of  TRtooiMiii^  Continaed. 


Hameudlooittkm. 

1 

1 

Charaetsrofthe 
water. 

• 

Bemarks. 

SilcMun  Springs,  Waa'keshAi'WaiikMliA 

8 

1,000+ 

o 
48 

Used  oommerelally  and 
aa  resort. 

Coanty. 
Sflvrian  Spring,  Waakesba^  WmiImIia 

CoantT. 
Sparu  Hineral  Wella,  Sparta,  Monroe 

Connty. 
Starln'B  Salpbar  SpringjWhitewator 

Townahip.  eeotion  l.^alworth  Co. 
Tellnlah    Mineral    Spring  (formerly 

12 

50 

Saline,  ehalyb- 
eate. 

Used  oommerelally. 

1 

1 
1 

f400+ 

10 
1,200 

46 

Saline 

Used  looaQy. 

Harrlman's       Spring),  "Appleton, 

Outagamie  County. 
TJtley  Mineral  Spring,  Utley,  Green 

Lake  County. 
Veeta  Spring,  Wankeaha,  Waakeeha  Co 
Waterloo    Mineral  Well,    Waterloo, 

"Sot  yet  improTed. 
Uaed  oommeioially. 

47 

Calcicaaline.... 

Jefferson  Coanty. 
White  Rock  Spring,  Wankeaha,  Waa- 

kesha  Count  v. 
WillUm's  Snlphar  Spring,  La  Grange 

Township,  ieotion  30,  Walworth  Co. 

1 

800 

47 

Da 

» 

• 

Aiuilyse$  of  mineral  Bprings  in  WiseonHn, 

• 

Constitaenta. 

Arctic        Artesian  Well, 
Springs.           Madiaon. 

Art<'sIanWeU 

(Wilrts's), 
FoEdduLao. 

SoUdt. 
Sodium  bicarbonate 

QTt.jhfrgaU.* 

Porto  ifJl.OOO." 
0.04 
0.14 
0.12 
0.01 

Porto  in  l.OOO.k 

Porto  <«l,O0O.fc 
0.02 
0.17 
0.18 

Gr9.  per  gaXL' 
1. 26 

Calcium  bicarbonate 

Maenesinm  bicarbonate.. 
Iron  bicarltonate  ........ 

13.65 
9.84 
0.26 

6.ii 

0.08 

17.02 
12.80 
0.04 

Sodium  aolpbat^ 

Calcium  Bnlnhate 

0.07 

ao3 

0.07 
0.01 

0.02 

0.54 

Potasaium  aulpbate 

Sodium  pbo^pnate 

0.10 

"^ 

0.46 

Trace 

Sodium  chloride  ..  

Calcium  ohloride 

6.76 
0.05 
0.15 
0.06 

0.01 

0.07 

0.01 

L16 

Aluminium  oxide  ..,.."... 

0.12 

ffilica 

0.03 

0.01 

0.01 

0.74 

Orgwaio  matter. .,-.--,-  -,r 

1.98 

Total 

2&08 

0.38 

0.85 

0.36 

85.71 

Constituents. 

Black  Earth 
Mineral 
Springs. 

Bristol 
Soda  Springs. 

Buokhert's  Fountain. 

Madison 
City  Well. 

BoUdt. 
Sodiiim  fiarbonatfi 

PartiA 
5,10 

Qr9.p«rgQXL* 

Qn.pergaU,' 

Gn.p&rgaU.9 

QT9,p€rgdU> 

8.80 

L90 

LOO 

Calcium  carbonate 

40.00 

Calcium  bicarbonate 

4.86 

12.00 

12.04 

15.24 

Magnesium  carbonate .... 
Maffnesinm  bicarbonate . . 

25.00 

8.21 

&82 

7.94 

12.06 

12.00 

Iron  bicftrbonftto           .  • » 

0.49 

7.74 

0.10 

0l08 
0.86 

0.81 

Sodium  aulnhate   

1*6.00 
0.10 

0.29 

Potassium  sulphate 

Sodium  Dhoeunate    .  ... 

0.05 

0.24 

Trace 

Sodium  chloride 

8.80 

1.00 

1.80 

Trace 

0.43 

0.66 
0.16 
0.68 

0.29 

Alfiiwilniiim  nTiilA 

Trace 

Silica 

0.80 

0.80 
0.85 

0.42 

Orgaoio  matter  , 

Total 

(') 

25.92 

20.61 

22.42 

80.76 

•  W.  W.  Daniels,  analyst. 

^G.  Bode,  analyst 

•G.  F.  Chandler,  analyst 


*  A.  C.  Barry,  analyst 
•A.  G.  Manner,  analyat 
'L.Brandecke.  analyat. 


iG.  Bode,  analyst  (1878). 

k  W.  W.  Daniels,  analyat  (1882). 

I  Incomplete. 
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Analyses  of  mineral  springs  in  Wisconsin— Continued, 


Constitnenta. 

Clj'smic  Spring 

8. 

Chrains 
per  gaUon.^ 
0.803 

Eureka  '     FounUin    1    Gilion 
Springa.         Spring.      <  Sptin<:!i. 

Sodium  bicarbonate 

Oraint  g 

per  gaUonJ 

1.26 

1&04 

13.56 

0.04 

0.56 

0.46 

0.03 

1.17 

Trace 

0.72 

Orain* 
per  gaUon.^ 
4.431 

Parte  in         Qraine 
1,000.«      per  gaUonA 
0.13                    MI2 

PartM  in 

1.000.* 

Calcium  bicaibonate . . . 
Magncftium  bicarbonate 
Iron  bicarbonate 

18. 153 
9.221 
0.572 
0.693 
0.500 
0. 429 
0.355 

15.896 
a  540 
0.685 
1.076 
0.205 
0.453 
0.548 

0.41 
0.18 

ia78 
9.20 
0.05 
0.36 

10.  IT 
7.H 
0  *J0 

Sodium  aulphate 

Potaaaium  aaipbate .  . . 

0.26 

©.a: 

Sodium  phosphate 

Sodium  cliloi  ide 

Alnmininm  oxide 

3. 35               Trace 
0. 19                   0. 09 
0.12    1               0.55 

0.47 
0  13 

Silica 

0.802 
Trace 
Trace 

0.810 
Trace 

0.75 

Alumina 

Organic  matter 

1.62 

Trace 



0.31    1     

Total 

35.46 

33. 156                 2fi.  016 

4.64 

25. 36    1      ifi^  Bl 

Constitaents. 


Glenn 
Springa. 


Gorober'a 
WeU. 


Sodium  carbonate 

Sodium  hioarbcmate  

Calcium  carbonate 

(Calcium  bicarbonatH 

Magneaium  carbonate  . . 
Magn«aium  bkarbouate. 

PotaJ«Hium  carbonate 

Iron  bicarbonate 

Sodium  aulphate 

Calcium  aulphate 

Magneaiam  aulphate  . . . 

PotaHsium  aulphate 

Sodium  phoaphate 

Sodium  obloiido 

Potasaium  chloride 

Alnmininm  oxide 

Silica 

Iron 

Bromine 

Organic  matter ... 


Orains 
per  gcUUmJ 

6.76 


16.08 


11.58 


0.09 
0.62 


Total. 


0.49 

Trace 

1.19 


0.05 
1.05 


2.21 


84.02 


Oraine 
per    gaUon. 

0.03 

6.66 


0.23 
0.17 


0.82 


0.]3 
0.69 


0.18 


18.27 


Hacket'a 
Spring. 


Orains 
pergaUon,* 


0.46 

aii* 

3.23 


0.36 
1.04 


0.24 


0.11 
0.87 


17.72 


Horeb 
Mineral 
Spring. 


Hnnter'a 

Magnetic  ;  Hyji^ia 

Mineral  j  Sprisj(. 

Fountain,  j 


Oraine 
per  gaU.* 


10.75 
*"e.*88' 


1.25 


0.18 


0.23 
0.73 


20.02 


PortoinlOO.k 

4 


I    Oraint 

pergdV 


2.M 
16. >3 


18 
12 
17 
10 

14 
3 


0.52 


0  82 

1  as 


5 
Trac« 
Trace 


0.72 
0.15 


J 100 


Trace 
'  36.21 


Conatitnenta. 

lodo-Magne- 
aian  Springa. 

Jacob'a 
ArteaianWell. 

Jordan'a 
Mineral  Well. 

Lethean 
Spring. 

Magnetic 

Well, 

Watcrtown. 

Sodium  bicarbonate 

14.52 
12.28 
0.04 

Or».per  gaJa.* 

8.69* 

6.63 

0.13 

a  86 

14.55 

a5o 
a  16 

2.67 
1.97 

ParU  in  1,000.« 
0.02 
0.17 
0.11 
Trace 
0.02 

Pare*  tnl,00fl.« 

Calcium  bicarbonate 

vlagneainm  bicarbonate. . 
lion  bicarbonate     

a  13 
Tnoe 

Sodium  aulphate 

0102 

Calcium  aulphate 

Potaaaium  aulphate 

Sodium  phoaphate 

Sodium  chloride    

Potaaaium  chloride. . 

0.13 
0.31 
0.01 
0.84 

a  01 

::::::::':::.  """:::" 

0.64 
0.27 

0.18 

0.01 

Tiaca 

Sodium  bromide 

Trace 

Trace 

0.06 

0.76 

Trace 

Sodium  iodide 

Aluminium  oxide 

Silica 

Ormnic  matter 

0.19 
2.38 

0.68 
0.29 
0.48 

Trace 
a  01 

Trace 
0.(8 





Total 

2a  59 

42.34 

21.82 

0.34 

ai: 

Rathbone.  analyat.  "Q.  Bode,  analyst  (1874). 

*OBdfn  Doremna,  analyat  (1883).  'C.  F.  Chandler,  analvat  (1875). 

«G.  Bo<le.  analyat.  bG.  Bode,  analyat  (1879). 
'J.  y.  Z.  Blaney,  analyat (1873). 


|>E.  J.  Gillett.  analyst. 

<A.  Thiol,  analyst. 

i  There  are  19  grains  per  galloB. 
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AfuUyseB  of  mineral  spring$  in  WtMontin — Continued. 

• 


i  Market  Sqaare 
Constituents.           i       Spring, 
1   Milwankee. 

wS!?       Mineral  Book 

Kemahbin 
Mineral 
Springs. 

New  Saratoga 
Springs. 

Parte  in  1,000.* 
Sodium  bicarbonate O-OA 

ParU  in  1,000.» 

Parte  inl,000.« 
'0.02 

Porte  in  1,000.* 
0.02 
0.21 
0.0» 
Trace 
0.02 

6.02 

Grt.pergaU.* 
0. 81 

Calciom  bicarbonate 

Magnesium  bicarbonate.. 

Iron  bicarbonate 

Soflium  sulphate 

Calcium  sulphate 

Sodium  chloride ......... 

0.87 
0.30 

0.03" 

0.16 
0.43 

C.21 
0.14 

0.02' 

0.17 
0.14 

0.02" 

4.00 
3.07 
0.74 
0.08 

0.01 

0.01 

0.18 

Potassium  chloride 

0.0.<l 

Aluminium  oxide 

Trace 
0.02 

Silica    0.04 

Organic  matter - '- 

0.02 

0.02 
Trace 

104 

Total 

1.46 

0.40 

0.38 

0.38 

9.87 

Palmyra  Springs. 

Constituents. 

Lowe's  Springs. 

BidweU 

Zenobia's 

Eye 

Spring  No.  1. 

Spring  No.  2. 

Spring. 

Sodium  bicarbonate 

Graine 

per  gallon^ 

1.28 

12.72 

6.77 

Graine 

per  gallon,* 

1.23 

32.22 

5.54 

1 
Grains             Graine 
per  gallon.*      per  gallon." 
1.57  1                0.18 

Grair^ 
per  gcUlon.' 
0. 16 

Calcium  bicarbonate 

Magnesium  bicarbonate 

Iron  bicarbonate 

9.01. 
6.48 
0.33 
0.28 

12.85 
10.14 

9.66 
7.92 
0.06 

Sodium  suinhate 

1.19 
>. 

1.14 

0.40 
0.79 
0.43 

0.64 

Calcium  sulphate 

0.80 

StKlium  chloride 

Iron  oxido 

1.27 
Trace 

1.22 
Trace 

0.33 

0.21 

Aluminium  oxide 

Silica 

Trace  1               0.22 
0.73  1                 0.91 

0.19 

1.11 

1.08 

0.61 

Organic  matter 

Total , 

0.36 



23.34 

22.43 

18.73  1               2i.92 

20.30 

Constituents. 

Oakton      '    Kahr^sAr- 
Springs.     '  tesian  WelL 

1 

Richmond 
Spring. 

St.  Croix 
Minoial 
Spring. 

^chweick- 
hardt's 
Spring. 

Sodium  bicarbonate 

ParU  in 
1,000.' 
0.01 
0.24 
0.22 
0.01 
0.01 

ParU  in 
1,000." 

0.'43* 

ParU  in 
],000.K 
0.04 
0.45 
0.83 
0.01 
Trace 

Graine 

per  gallon  ^ 

0.79 

11.19 

7.26 

0.52 

Parte  in 
1,000.* 

0.01 

Calcium  bicarbonate 

0.21 

Magnesium  bicarbonate 

Iron  bicartwnate 

0.15 

0.01 

Sodium  sulphate 

0.64 
0.09 
0.83 

0.01 

Ctlcium sulphate 

Mji(rnpAjnm  snlnhate  .....  r   . . 

0.02 

0.02 

Potassium  ffalpnate 

Sodium  chloriile 

Trace 

0.06 

Trace 

Potassium  chloride 

0.01 
0.88 

Calcium  chloride 

0.03 

Trace 

0.02 

0.04 

Aluminium  oxide  -  r---.T-  .,, 

Trace 
O.Ol 

•0.49 

0.27 

Trace 

Saica 

am 

0.03 

Org»n1<)  matter 

Trace  | 

Trace 

Total 

0.50 

3.80 

0.96 

20.66 

0.42 

■O.  Bode,  analyst. 

^O.  Bode,  analyst  (1869?). 

•  G.  Bode,  analyst  (1872). 


*a.  Bode,  analyst  (Sept.  9, 1876). 

•Q.  Bode,  analyst  (1884). 

f  J.  V.  Z.  BUney,  analyst  (1872). 

(283) 


R  J.  E.  Oamer,  analyst  (1873). 
k  J.  V.  Z.  Blaney,  analyst  (1877). 
« With  inm. 
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[BULLS 


Shealtiel 
Mineral 

Sheboygan  Mineral  Spring. 

Sheridi^i 
Springs. 

Sllotm 
Spring*. 

Sodinm  bicarbOBSto 

Oraint 
purgation.* 
0.76 
8.44 
8.80 
0.05 

Oraint 
p€rgaJaon> 

QraiM 
pergaUon.* 

Chxtins 
per  gaUon> 

12.65' 

10.28 
0.11 

1.000.^ 
0.02 

CalciaiD  bicarbonate 

L40 
0.88 

18.68 

0L22 

HagneaiDin  bicarbonate 

Iron  bicarbonate 

ai3 

0.50 
0.17 

Sodium  sulphate 

0.10 

a'ao 

1.48 

aQ6 

78.15 
80.83 

188L88 

Mairneffimn  finlnhatA 

Barium  sulphate 

Tzaoe 

Iron  sulnhate  .......     .... 

0.74 

Calcium  Dbosnhate 

a04 

Trace 

806.94 

14.48 

27.88 

64.91 

a  10 

ai9 

Trace 
0.18 
0.47 

Trace 

Uodinm  biborate 

Sodium  chloride 

a  18 

887.85 

a  81 

0.01 

Potassium  chloride 

Calcium  chloride - 

109.80 
9.91 
0.02 
1.08 
0.02 
1.10 
0.78 

Maffnesinm  chloride  .      ... 

Lithium  chloride 

Sodium  bromide 

Sodinm  iodide 

Aluminium  oxide 

0.09 
0.80 

ao5 

0L73 

a23 

SlUca 

a  01 

Organic  matter 

Total    

14.85 

667.88 

589.25 

2&99 

a  45 

Silurian 
Spring. 

Sparta  Mineral  WeUa. 

Tellnlah  or 

Harrimau's 

Mineral 

Springs. 

Vesta 
Spring. 

Maffnetio 
Well. 

Artesian 
WeU. 

Sodium  carbonate 

Qraint 
pvr  gotten.* 

Oraituper 

imp.  gaiton.* 

0.21 

Partain 
1,000> 

ParUin 
1.000.k 

Graim 
pergaUon.^ 

Sodium  bicarbonate 

0.03 
9.93 

0.05 

a  41 

Calcium  carbonate 

0.40 

Calcium  bicarbonate 

0.07 

»              0.08 

13.43 

Magnesium  cai  bonate    

Magnesium  bicarbonate 

6.88 

4.03 

0.01 

ao6 

10.74 

Barium  carbonate 

0.01 
0.02 
0.03 
Trace 
14.84 

Strontium  carbonate 

Lithium  carbonate 

Ammonium  carbonate 

Iron  carbonate 

0.13 

Iron  bicarbonate 

0.01 

TrMse 

ao5 

Manganese  carbonate 

Trace 
2L21 
0.18 

Sodinm  sulphate 

0.29 

0.02 

0.55 

Calcium  sulphate 

Mu  crneainm  sulnhate   

aoi' 

Potassium  sulphate 

0.64 
0.06 
0.06 

Sodium  nhoMnliato        .  ...  ... 

Aluminium  nhoaohate 

Iron  phosphate 

Trace 
Trace 

Manffanose  T>liosT>hate 

Hydric  sulphide 

Trace 
0.14 
0.61 

Trace 

Sodium  chloride 

0.19 

0.01 
0.01 

0.01 

fll88 

Calcium  chloride 

Sodinm  iodide .  .. 

Aluminium  oxide 

0.59 

0.70 

Trace 

ais 

Silica  

Organic  matter 

0.28 

0.01 

ao2 
Trace 

ass 

Total 

18.69 

23.22 

0.16 

0.24 

28L46 

■O.  Bode,  analyst  (1884). 
^G.  Bode,  analyst. 


•C.  F.  Chandler,  analyst  (1876). 
*  Walter  S.  Halnea,  analyst  (1880). 


•J.  M.  Hiisb,  analyst  (1876). 
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Analyses  of  mineral  springs  in  Wisconsin — Continued. 


Constituents. 

Waterloo 

Mineral 

Well 

White  Bock  Spring. 

Utley 
Mineral 
Spring. 

Artesian 
Mineral 

Well, 

Prairie  du 

Chien. 

Park 
Spring. 

Sodinm  bicarbonate 

Parts  in 
l.OOO.- 

Grains 
iMraaUon.* 
^^Tl8 

Orainspsr 
imp.galUm^ 
1.28 

ParUxn 
10O.« 

Orains 
p^rgaltonA 

Orains 

Calciom 

.006S440 

Oalcinm  carbonate.  • 

0.6222 

Calcium  bicarbonate 

0.24 

11.72 

17.67 

1.5470 

MA^AMium r -, -  -  -  - 

.0036072 

Mairn€>aium  carbonate 

10.9739 

I  rqp  bicarbonate 

0.28 

5.81 

13.02 
a27 
1.00 

1.3238 

0.2818 
12.7978 

0.1296 

Sodium  sulphate 

1.09 



Majniesium  sulphate 

Potassium  sulphate 

Calcinm  sulphate 

0.21 

0.82 



15.3609 

Sodium  nitrate 

0.04 
0.42 
0.51 
0.13 
0.02 

Sodium  chloride 

1.17 

1.12 

90.2007 

Calciutti  chloride 

Miijnif  sium  chloride 

Lithium  chloride 

Potdseium  chloride 

3.8064 
U1281 
Trace 

Sodinm  bromide 

Sodium  phosphate 

Aluminium  pzide 

a  75 
1.04 

Silica 

9L03 

1.04 

5Undeter.> 

mined    \ 

.0004110 

5irndeter.> 

:    mined   i 

Trace 

.0005000 

.oomoo 

.0118600 

2.8430 
0.06LO 

0.8106 

0.0467 

Iron 

Sodium 

Chlorine 

Sulphuric  acid 

Caruonic  acid 

Organic  matter . .   .  . 

Trace 

Total 

11.47             21.61 

87.06 

.0240322 

137.0348 

3.8579 

■G.  Bode,  analyst  _  _   _      _    __ 

^L  Campbdll  Brown,  analyrt  (1874).      *  G.  Bode^  analyst  (1876) 


•  C.  Dwight  Marsh,  analyst  (1885) .     •  Prot  Daniels,  analyst 
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MINNESOTA. 

The  list  of  Minnesota  springs  has  been  compiled  almost  entirely  from 
Prof.  N.  H.  Wincbell's  reports  on  the  geology  and  nataral  history  of 
the  State.  No  previous,  list  credits  the  State  with  any  mineral  springs. 
In  fact  they  are  only  beginning  to  attract  attention.  Although  several 
have  some  local  reputation,  as  yet  only  two  are  utilized  to  any  consid- 
erable extent  as  resorts,  and  the  water  of  only  one  is  found  on  sale.  Two 
salt  wells  have  been  developed  in  the  extreme  northwestern  part  of  tbe 
State,  and  they  have  been  included  in  the  list  Big  Stone  L^ke,  which 
is  an  expansion  of  Minnesota  River,  has  also  been  included,  as  the 
analysis  shows  that  the  water  couUiins  a  large  amount  of  sulphates 
and  considerable  silica. 


Mineral  8pring9  of  Minnetoia. 

1 

1      . 

Chaxacter  of  the 
water. 

Bemarks. 

Big  Stone  Lake,  Big  Stone  Conntr 

o 

Saline 

Calcic 

Bryan's  Mineral  Spring,  near  Minneaota 
City,  Winona  Coanty. 

In  section  22,  Oebome  Township,  Pipe 

1 

Local  vepntation. 

Calole 

BtonH  Count V. 
Near  month  of  Big  Stone  Lake,  Big 

Stone  County. 
Oarburetsd  tpringt: 

Near  Freeborn  and  A  Iden,  Freeborn  Co . 

Caldo 

On  south  branch  of  ('ottonwood,  near 

Amirbt,  Lyon  Countv. 
In  sec  16.  Holly  Township,  Murray  Co. 

1 

In  Home  Township,  Brown  County 

1 

In  sec.  14,  Kiester  Township,  Fart* 



baolt  County. 
At  sontbwestem  end  of  Lake  Benton, 

Lincoln  County. 
At  western  end  of  Lake  Benton,  Lin- 

 ..-..--... 

2 

coln  County. 
In  sec.  5.  Otisoo  Township,  Waseca  Co. 

In  sec  9,  Otlsco  Township,  Waseca  Co. 



.Do. 

In  sec.  22,  Msnyaska  Township,  Mar- 

Do. 

tin  <  bounty. 
At  Schwartz  Lime-Kiln,  Ottawa  Town- 

1 

ship.  Le  Sueur  County. 
In  Stately  Township,  Brown  County.. 

In  ftec.  30,  Swedes  Forest  Townshfp, 



Redwood  County. 
Chalybeate  and  ndphur  nringt: 

In  Murray  County,  tnree  miles  tenth 

of  Walnut  Grove. 
Oeisin^er  Sprinir,  Rochester,  Olmsted  Co.. 
Humboldt  Salt  Well,  Kittson  Co 

1 

46 



Local  i«aon 

Inglewood  Springs,  Minneapolis,  Henne- 
pin Count;?. 
Mineral  gpringt: 

InPopeConnty 

Mineral  Well,  Tracy  Station,  Lyon  County  ; 
Owatonna   Mineral   Springs,   near  Owa- 

8 

..... 
9 

IM 

Alkaline 

Chalybeate 

Saliii^ 

Alkaline,  oalcio. 

Reaort 

tonna.  St^^ele  County.                                   ' 
«alt  Lnke,  Mehurrie  (?)  Township,  Lao- 

Alkaline 

aui- Parle  County. 
Saint  Vincent's  Salt  Well,  Saint  Vinoeni. 

Kittson  County. 
Sulphur  Springs,  section  20,  Eden  Town- 

2 

ship,  Pipe  Stone  County. 
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,  Owatonsa  Mineral  Springs. 


Constitoenta. 


Sodinm  carbonate 

.S'Mhiim  bic-ari'onate 

Cdlc'.am  carbonate 

Cak mm  bicai  bonate 

^^inesinm  c::rboQate — 
^iiCDesrom  l)irurboaate. . 

P«ituji«iimi  carbonatA) 

iroD  bit:  i  bonate 

1 1 rhmm  carbonate 

Cj'.'Muin  «nl pbate 

itodiiini  Hulphaie 

rota.4iiium  KUipliato 

Sorliiim  chl  oi  ide 

i*<>ta^iam  nitrate 

CtiHam  nitrite 

lion  oxmIo , 

Alumina.  

Uio<£raDes4'  bicarbonate. 

S»«iia3  pboMpbate 

Cj  ciam  pboApbato 

Siidiam  iodide 

Organic  matter 

Phiwphates 

Sihca  ..    , 

Free  carbonic  acid 


Vichy 
Sprinj;. 


Graint 
per  gallon* 
5J.  41 


Name 
uuknown. 


Orain* 
per  gallon. 


Bryan's 
Mineral 
Spring. 


Inglewood 
Springs. 


Grains      \      Grains 
per  gaUon.^  i  per  gallon." 


16.37 
8.40* 


0.54 


0.45 
0.28 
0.84 


13.20 
'5.£0 


0.62 


0.28 


10.62    I 


»# 


6.  OH 


4.60 


O.CO 


Truce 


0.17 


0.45 

0.04 

0.03 

Trace 


0.10 
Trace 
Traoe 


0.14 


Trace 
Trace 


Trace 


1.79 
4.34 


1.12 


Traces 
0.05 


Trace 
0.  12 
0.49 
0.17 
0.07 


Trace 
0.01 


Trace 


1.22 


ToUl 1             85.02 

22.82 

18.40 

16.66 

Constitaentfl. 

Well  at  Tracy 
Station. 

Big  Stone 

Huroboldt 
Salt  WeU. 

^iorm  carbonate '. 

Grains 

psr  gallon.* 

Trace 

41.25 

14.70 

Grains 

6.44 
:j.07 
0.13 

Oraitis 
per  gallon." 

Ifaznesinm  carbonate            ............  ................... 

78  60 

IroD cftrbonate  ..........................>•.>.............• 

1.08 

Calciom  sulphate 

. 

11&08 

Sodinni  siiIobaKe       .    .  .................................... 

97.58 

6.58 
&64 
0.73 

Mfi«Tif8inm  sninhate - 

71.12 

Pota«.<;ium  aniphate   

^ft<^esinnt  cbloride  ...  .......  ........................... 

91.44 

Solium  chloride 

Trace 

0.88 

2, 764. 00 

CaJciam  chloride 

42. 26 

PoiAwtifim  chloride      -r   ^-, -  ^--.-^ ■ 

..:: ;;.i:: .- :: 

156.55 

Iron  protoxide 

0.66 

Alumina 

2.88 

Silica.             

2.27 

6.21 

12.15 

Total  

156.46 

32.28 

8,836.65 

■Enno  Sander,  analyst  (1875). 
^William  A.  Noyea,  analyst  (1882). 
•William  A.  Noyes,  analyst  (1883). 


'G.  A.  Mariner,  analyst.    . 
•James  A.  Dodge,  analyst  (1884). 


DAKOTA. 

InformatioD  as  to  miDeral  waters  id  Dakota  is  meager  and  the  data  ob- 
tained are  InsafiBicieDt  for  the  compilation  of  a  very  complete  list  of  the 
springs  and  wells  that  are  known  to  be  mineralized.  The  Territory  has 
Dot  been  snABcently  developed  to  have  much  attention  directed  to  the  sub- 
ject. In  some  of  the  southeastern  counties  are  springs  and  wells  in  which 
the  water  is  said  to  be  chalybeate,  but  correspondence  with  persons 
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in  that  section  does  not  develop  mneb  in  relation  to  them  beyond  the 
fact  that  they  are  unimproved.  There  are  said  also  to  be  salt  wells 
in  the  northeastern  part  of  the  Territory.  In  various  portions,  also, 
alkali  is  quite  abundant  in  the  soil,  and  in  such  regions  the  water  pass- 
ing through  it  is  naturally  alkaline.  Such  localities  are  found  along  the 
Little  Missouri  River  near  the  crossing  of  the  Northern  Pacific  Railroad 
and  in  the  vicinity  of  the  Black  Hills.  Newton  and  Jenney,  in  their  re- 
port on  the  geology  of  the  Black  Hills,  say:  '* Springs  issuing  from  the 
iSikck  clay  shales  of  the  Cretaceous  on  Beaver  Creek  were  found  to  be 
strongly  acid  and  astringent  to  the  taste,  turning  blue  litmus  red  and 
probably  containing  alum  and  free  sulphuric  acid.  Similar  springs 
were  reported  to  be  found  near  Buffalo  Gate,  on  the  southeastern  side 
of  Black  Hills.^  Springs  in  the  Carboniferous  rocks  of  this  region  are 
naturally  hard,  but  would  scarcely  be  classed  with  mineral  springs. 
The  Chicago  and  Northwestern  Railroad  Company  have  had  a  number 
of  wells  and  springs  on  the  line  of  their  road  analyzed,  and  several  of 
them  are  mineralized.  These  have  been  included  in  the  list  and  the 
analyses  are  given  in  the  table  following  the  list. 

Mineral  springs  of  Dakota  Territory, 


Kame  and  location. 

1 

Flow  in  gallons  per 
hour. 

1 
1 

1 

Character  of  the 
wftter.\ 

Remarks. 

Aberdeen  Artesian  Well,  Aberdeen,  Brown 

County. 
Aeid»pring»: 

On  Beaver  Creek,  Caster,  Cnster  Co. .. 

Near  Bnffalo  (rate.  Custer,  Cnster  Co. . 

"  At  Devil's  Lake,  Ramsey  County 

ArteMnwtlU: 

At  Clark  Centre,  Clark  Connty 

Saline 

Calcic 

Sulphur,  ohalyb- 

eate. 
Saline 

At  Devil's  Lake,  Ramsey  County 

At  SaiDt  Lawrence,  Hand  County 

Dakota  Hot  Springs,  Hot  Springs,  JTall 
River  Connty. 

Dnnseith  Miberal  Spring,  Dunseith,  Ro- 
lette Connty. 

Garv  Mineral  Sprinfr,  Oary,  Deuel  Co 

Mineral  tpHngt  or  veUs: 

Id  Bon  Honi?n« County  .,,.- t 

Rcflort. 

1 
1 

Chalybeate 

In  Fall  River  County 

In  Turner  County 

Chalybeate 

Near  Ree  Heights,  Hand  County  ... 
On  Medicine  Creek,  30  miles  east  of 

Saline 

Pierre,  Hughes  County. 
Near  MisHouri  River,  at  Pierre,  Hughes 

County. 
At  foot  of  Bluff  at  Pierre,  Hughes  Co. . 

Alkalin^  saline 

Saline 

Chalybeate,  cal. 
cic,  sulphur. 

On  west  shore  of  Big  Stone  Lake, 
Grant  Connty. 
BaUnring*: 

Kear  Grafton,  Walsh  County 

Near  Pembiua,  Pembina  County 

Unimproved. 

Sulphur  Springs,  Devil's  Lake,  Ramsey  Co. 
Wamduskift  Lake,  Wamduska.  Nelson  Co. . 

2 
1 
3 

Saline 

Chalybeate  and 
snlphoreted. 

Wessington  Springs,  Wessington  Springs, 
Jerauld  Connty. 

Resort 

1 
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Analyses  of  mineral  springs  in  Dakota  Territory. 


Artesian  wells. 

Mineral  Springs  or  wells. 

Constitaeatt. 

AtAber. 
deen. 

At  Clark 
Centre. 

At  Saint 
Lawrence. 

Medicine 
Creek 
Spring. 

Well  at 
footofblafr 
at  Pierre. 

Well  near 
river  at 
Pierre. 

Silica 

Iron  oxide  

Oraint 
pw  gallons 
U.M11 
0.0849 

Qtain9 
1.63 

Oraint 
pergallon.^ 
1.99 

Oraint 
per  gallon.^ 
''8.47 

Otaifu 
per^allon.^ 
1.63 

Grains 
1.83 

Iron  protoxide 

47.14 

0.74 

aii" 

Trace 

0.01 

81.81 

Alnmioa-rTT , 

0.0816 

1.4157 

1&7246 

ft  19 

Calclnm  rarbonato . . .  -. 

0.68 

9.20 

Calcinm  bicarbonate 

Sodiom  carbonate 

1.21 

ail 

0.19 

8.84 

Trace 
8.98 
8.89 

0.64 
6.57 
4.83 

MasTifMiiMUi  carbonate   .... 

0.0611 
88.8600 

2.89 

Sodiom  cliloride 

""koi" 

1.26 

^if  A<m»*fl{nnn  r.lilnridA    . 

Potasaium  eulphate 

17.7780 

Caloiam  Balpbato 

1.76 

4.56 

::::::';:::. 

Trace 
49.4604 

Sodium  sulpfiate 

168.54 

38.92 

188.76 

Soda     . 

21.24 

Volatile  matter 

0.8123 

Total 

128.2205 

14.58 

267.70 

64.37    t        178.05 

26.61 

■ErastQB  6.  Smith,  analyst  (1885). 


>>0.  A.  Mariner,  analyst. 


IOWA. 


Mineral  springs  are  not  of  common  occurrence  in  Iowa,  alfhoagh  many 
wells,  both  artesian  and  ordinary,  are  frequently  mineralized.  Neither 
Walton  nor  Moorman  mentions  any  of  the  springs  of  the  State.  The 
present  list  is  mainly  the  result  of  direct  correspondence  with  the  dif- 
ferent spring-owners  and  local  authorities.  The  springs  are  of  the  same 
general  character  as  in  the  adjoining  States.  The  occurrence  of  acid 
springs  is  interesting  from  a  geological  point  of  view.  Colfax  Mineral 
Spring  is  probably  the  most  widely  known  of  the  places  of  resort. 

Mineral  springs  of  Iowa, 


Name  and  location. 

o 

a 

t 

1 

Character  of  the 
water. 

Bemarks. 

Acid  Spring,  at  coal  mine  on  Bluff 
Creek.  Monroe  County. 

ArtatianwelU: 

At  Webster  City.  Hamilton  County 
AtFarmington,  Van  Bnren  County 
At  Harper's  Ferry,  Allamakee  Co  . 
At  Keokak  Lee  Countv 

o 

6 

Seven    milee    below   Davenport, 

Scott  County. 
At  Dubuque,  Dubuque  County  . . 

At  liAnfilncf  Allamakee  Countv 

Slightly  sulpha- 

At  McOrcffor  Clavton  Countv .... 

:::::::::::::::::: 

Chamberlain  (or  storm  Lake)  Mineral 
SpriDge.  Storm  Lake,  Buena  Vista  Co. 

Cherokee  Maioietic  Mineral  Springs, 
Cherokee.  Cherokee  County. 

Colfax  Mineral  Springs,  Colfax,  Jasper 
County. 

Dunbar^  Mineral   Spring,  near  Col- 
lege Springs.  Page  County. 

Big  Mmeral  Spring  and  Flowing  Wells, 
RoMnkrana   Park,   Webster  City, 
Hamilton  County. 

Bull.  32 11 

3     1  2  000 

4R 

Saline  ..     -. 

Used  commercially  and 
as  a  resort. 
.     Do. 

Sold  to  limited   extent 

8 

1 
5 

060 

100 

A  400 

62 
56 
83 

Saline,  chalybe- 
ate. 
Calcic 

and  used  as  a  resort. 
Used  locally. 
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Mineral 

springs  of  Iowa- 

—  Contiuued. 

Name  and  location. 

1 

1 

t 

■ 

Character  of  the 
water. 

Eemarks. 

GvpBum  Spring,  Fort  Dodfie,  Welwter 

Ooanty. 
Henryson's  Artesian  Well,  Story  City, 

Story  Uoontv. 
Iowa  Acid  Spring,  Eddyvllle,  Wapello 

Coanty. 
XinernK'n  Wfll   1  mile  from  lCf>oean> 

o 

Alkaline 

Chalybeate .... 
Add...: 

UnimproTed. 
Local  reputation. 

2 

....do 

qua.  Van  Buren  Coanty. 
Llnwood  Spring.  Linwood.  Scett  Co    . 
Ma^jnetic  Spring,  Lehigh.  Webster  Co. 
Maalsbv's  bpiing  (well),  3  miles  north 

of  Dexter.  Lallas  County. 
Mineral  gprmoM  : 

At  Fello  w's  Grove.  Carroll  Coanty 
At  Iowa  City,  Johnson  Connty 
Near  Big  Spring,  Wayne  Coanty. . 

1 

30,000 

66 

Resort 

Csed  locally. 

1 

400+ 

•* 

Saline    

Local  reputation. 

TTnimproTcd. 

Unimproveil.  one  is  sup- 
posed to  havu  medici- 
nal effects. 

Used  as  a  resort  and  com- 
mercially. 

Mineral   Wells   (artesian),   north   of 
Ames,  Story  Coanty. 

Ottumwa  Medical  Springs,  Ottamwa, 

Wapello  County. 
Pbosnix  Mill  Sulphur  Spring,  DaTen- 

port,  Scolt  Coanty. 
Prospect  Park  Mineral  Springs,  Dea 

Moinea,  Polk  Coanty. 
Blloam  Springe,  Iowa  FaUn,  Hardin  Co 
Sulphur  and  Iron  Wells,  Howard  Co   . 

Bnena  Yista'Connty 
Watkins's  Artesian  Well,  Story  City, 
Story  Coanty. 

16 

1 

40 

47 
64 

Chalybeate .  . 
AUcalinc,  suline 

2 

420 

48 

Alkaline,  calcic. 

Sanitarium. 

2 

Sulphur 

Carbureted  and 
calcic. 

Unimproved. 

Analyses  of  mintral  apringn  in  Iowa, 


'  Constituento. 

Iowa  Acid 
Spiing. 

Artesian  Wt^n,!    oJJJIJflLi. 
Farmiogton.   ;  ^^f:^ 

Oraint 
pergcUlon.* 

Oraine 

per  gallon.  •» 

3.81 

8.41 

8.57 

Oraint 
per  gallon. « 

Orame   , 
per  tiler.* 

Oramt 
per  titer.* 

Calcium  carbonate 

Iron  carbonate    

17.61 
0.67 

78.86 
0.41 

31.87 

18.07 





Sodiu  II  sulphate 

Potassinm  sulphate 

Magnesium  sulphate.  .. 

Calcium  sulphate 

Iron  sulphate 

0.87 

3.76 

1.14 

2.84 

13.86 
44.65 
07.80 

Sodinni  chloride      ....   . 

3.85 

'.".';.";..'.....i  ;:::  :: 

0  82 

Mngn»'MiTim  brnmid^  - 

Trace 

r 

Calcium  oxide...... 

6.44                        0.43 

Iron  oxide 

0.04 

Mugnesium  oxide 

0.18 

0.21 

Sodium  silicale 

15.80 

Silica 

1              0.29| 

0.50 

Alumina 

226.41 
408.00 

Sulphuric  acid 

Lifhia 

Lsa 

LS6 

Trace 
7.18 

Carbon  dioxide 

Ammonium  crenate 

&10 
Traces 



Organic  matter     

1.27 
Trace 

Pho»p  boric  acid 

Hvdrochlorio  acid 

0.28 
\             0.02^ 

Iron  



Insoluble 

'"■■"' 

'                      *  1 

Total .*.. 

158.71 

25. 30 

816.  to 

2.20    1                    19 

Oat. 
Carbonic  acid      

42.30 

G.  Hinriohs,  analyst.    *  J.  H.  Wright,  analyst. 


•J.  H.  Seibel, analyst  (1882). 
(290) 


*  Bnah  Bmery,  analyst 
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Confltitoenta. 

Ovpsum 
Spring,  Fort 

Artesian  Well, 

Harper's 

Ferry. 

Artesian  Well, 
near  Daven- 
port. 

o^StSSjlike      ChX^ee 

Mineral       ^!S°5"l?Ji°- 
Springs.         eral  Springs. 

Maitn^simn  oarbonato .... 

Cframa 
perhisr.* 

Grmu 
p§rliUr.» 

Oranu 
p^  liter.  ^ 
0.02 
0.02 

Oraina 
pergaUon.^ 

Oraint 
pergailon.* 

H.21 

Calcium  carbonate 

!..                    6.93 

Lime 

14.46     

1L26 
0.01 
0.81 

Sodium  bicarbooate  

Sodium  carbonate 

0.29 

Sodium 

0.47 

Sodium  sulphate 

0.48 

0.87 

Potassium 

L85 

Mafniesia  

6.18 

Iron  pbospbate 

0.73 

Chlorine 

0.11 

Sodium  chloride 

0.14 

Magnesium  oxide* 

6.07 
a  45 

6.04 
0.10 

Calcium  oxide 

OxvBen  

0.41 
8.66 

siir<S! 

}           -0.06{ 

0.82 

Alninin^     r     , 

0.29 

Sulphuric  acid 

L06 

0.08 

25.02 
2.50 

Organic  matter 

/ 

Hydrochloric  acid 

0.10 

Iron  MQd  alumina  oxides.. 

0.18 
6.51 

a25 

Carbonic  acid  for  magne- 
sia.  • 

sia. 

Total 

L58 

0.41 

1.02 

68.95 

27.98 

Qa$. 
Carbonic  dioxide 

1 

Oubieinehet. 
59.30 

1 

Constituents. 

Ottumwa  Med-'    Henrvsou's 
ical  Springs.    Artesian  Well. 

Watkins's 
Artesian  Well. 

Siloam 
Springs. 

Magnesium  carbonate 

QT9,pergaXL.*  Oma.p^rJiterJ 
3U.80                  0.1134 
22. 26     1              0. 1A10 

Qmt.  per  liter,  f 
0. 1246 
0.1990 

Grt.pergaU.' 

Calcium  carbonate 

Iron  carbonate  

2.04 

Sodium  bicarbonate 

2.5008 

Sodium 

...... 

0. 0417 

0.1165 

Cnlcinm  bicarbonate 

18. 1116 

Magnesium  bicarbonate 

10  2316 

Protoxide  of  iron  bicarboi 
Sodium  sulphate 

late 

0  0702 

200.88 
2.28 
88.23 
5L81 
7.80 
Trace 
Trace 

0.4270 

potassium  sulphate 

Calcium  Hulpbate 

So<lium  chloride     

0.0016 
Trace 

6.0260" 

0.0750 

Silica    

0.8290 

Alumina 

0. 1170 

Organic  matter 

« 

TracA 

Iron  and  alumina  oxides 
Loss 

0. 0136 
0.0008 

0.0060 
0.0009 

Total   

356. 46    I              0.  .^fi20 

0. 4710 

82.8617 

■Rush  Emery,  analyst 

*  Walter  L.  Brown,  analyst. 
•John  W.  Draper,  analyst  (1881). 

*  With  loss. 


•James  Carter,  analvst  (1883). 
r  F.  W.  Clarke,  analyst  (1886). 
t  Gustavus  Bode,  analyst. 
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[bullH 


Missoxmi. 

This  state  is  rich  in  mineral  springs,  which  are  of  great  variety. 
Only  about  one-fifth  of  them  are  improved,  bnt  among  the  latter  are 
several  that  are  well  known  throughout  the  State. 

As  far  as  known  the  springs  are  very  similar  to  those  of  the  neigh- 
boring States,  saline,  sulphureted,  and  chalybeate  springs  predomi- 
nating. 

Many  of  the  counties  have  salt  springs  or  wells,  and  at  one  time  the 
production  of  salt  from  them  was  a  considerable  industry.  The  list  of 
springs  given  here  has  been  compiled  mainly  from  the  State  geological 
reports  and  from  various  hand-books.  The  present  status  of  the  various 
springs  has  been  determined,  whenever  practicable,  by  direct  correspond- 
ence  with  the  spring-owners. 

Mineml  $pHng9  of  Mismmri, 


Name  and  location. 

t 

Number  of  springs. 

-  Flow  in  gallons  per 
hour. 

Character  of  the 
water. 

Bemsiks.* 

AlumweOt: 

In  section  3.  township  32,  range 
29,  Barton  Coonty. 

o 

20,  Barton  County. 
In  section  28,  township  33,  range 

S3.  Barton  Connty. 
In  Milford,  Barton  Connty   

Arlington  Springs,  8  mUes  south  of 

Marshall,  Saline  Connty. 
Arnica  Springs,  near  Stockton,  Cedar 

20 

06 

Saline,   sulphu- 
reted,  Ac" 

Ouanty. 
Aurora    Springs,    Aurora    Springs, 

8 

1 

800 

f78j 
<to> 
(74  5 

Saline 

Reaori. 

Miller  CooDty. 

Belcher's  Artesian  Well  (2,109  fert),  X 
Saint  Louis,  Saint  Louis  County.   ) 

Bethesda  Springs,  near  Stockton,  Ce- 
dar County. 

Big  Salt  Springs,  West  of  Mamhall. 
SiEdine  County. 

Blankenship*s  Medical  Springs,  2^  ) 
miles  north  of  Houston,  Texas  Co.  5 

ard  County. 

Bowsher  MiDeral   Spring,  14  mites 
north  of  Princeton,  Mercer  County. 

Bratton  Spring,  near  Columbia,  Boone 
County. 

BnfGalo  Spring,  near  Louisiana,  Pike 
County. 

Biirkhart's  Spring,  2  miles  west  of 
Franklin,  Howm^  County. 

Cedar  Springs,  7  miles  east  of  Eldo- 
rado Springs.  Cedar  County. 

On  Hog  and  Haiel  Creeks,  Adair 

Coonty. 
East  of  Butler,  Bates  County 

...do 

00 

fSO) 

<toS 
(75) 

Sulpho>8aline... 

100 

2.000+ 

Do. 

.... 

200+ 

80 

Chalybeate 

Do. 

% 

7 

200 

47 

Chalybeate 

D.. 

• 

In  section  0,  township  83,  range 

28,  Cedar  County. 
In  section  22,  township  84,  range 

28,  Cedar  County. 
At  BriDDins  Snrinff.  Boone  Co. . . 

At  Twin  Springs,  Boone  (?)  Co .. 

.... 
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JTMoe  and  looatioD. 


Ohaiyheate  «pHiio«— Continued. 

N  ear  Hoant  Moriab,  Harrison  Co . 
Six  miles  nortli  of  Kuobnoeter, 

Jolumon  County. 
Ten  miles  sonth  of  Waircnsburg, 

Jobnstfn  Coanty. 
In  section  12,  township  82,  range 

10  west,  Knox  Connty. 
At  Lexington.  La  Fsyette  Coanty . 
On  Bryant's  Creek,  Lincoln  Co. . . 
liear  Louisville,  Lincoln  County. 
West  of  Sbarpsburg,  liarion  Co . . 
At  Jaoksonvllle.  Uamtolph  Co  . . . 
In  section  34,  township  64,  range 

21,  Sullivan  County. 
West  of  Osceola,  Samt  Clair  Co. . 
Xear  Smithton,  Worth  County. . . 
Chotean  Springs,  10  miles  fh>m  Boon- 
viUe,  Cooper  Coanty. 


Cheltenbam  Springs,  Cheltenham  (t), 

Saint  Loois  Coanty. 
Clark's  Sulphur  Springs,  5  mfles  from 

Warsaw,  Benton  County. 

Climax  Springs,  Climax,  Camden  Co. . 
Cole's  Springs,  Marshall,  Saline  Co. . . 


Columbia  Chalybeate  Springs,  Boone 

Coanty. 
Copperas  or  Sweet  Sulphur  Springs, 

Sec.  83,  T.  61.  It  2  W.,Xincoln  Co. 
Crystal  Springs,  McDonald  County. . . 
Davis's  Sulphur  Springs*.  Piko  Co — 
Dawson's  Springs,  East  of  Osceola, 

Saint  Clair  Connty. 
Dixon   Springs,  Cureall.  northwest     50 

of  West  Plains,  Howell  Co. 

Eldorado  Springs,  Eldorado  Springs, 

Cedar  County. 
Eldorado  Spnugs,  section  1,  town-  '  60 

ship  21,  range  6  west,  Oregon  Co.     i 
Elk  Springs,  Elk  Lick  Springs,  Pike  '    3 

CoiiDty.  1 

Ellis  Well,  near  Nevada,  Vernon  Co 

£xc<  Isior  Springs,  Excelsior  Springs,      4 

Clay  County. 
Fairview  Mineral   Spriug,  Denver, 

Worth  County. 
Fike's  Lick  Spring.  2  miles  tnm  Elk 

Lirk  Springs,  PiVe  County. 
Ford  Springs,  on  Big  Bonsom,  Pike 

County. 
Gorr  ham's  Lick,  Randolph  Connty. .. 
Haeenbush   Spring,  Caoool,  Texas 

CJonnty. 
Hsrriman's  Sulphur  Spring,  Cooper 

County. 
Houtze's  Sulphur  Springs,  section  1, 

township  86,  ranse  *J9,  Vernon  Co. 
Hunter's  £psom  Well,  Nevada,  Vcr- 

non  County. 

Indian    Springs,    Indian    Springs, ) 
McDonald  County.  5 


i 

I 


I 


600 


Jerioho  Springs.  Jericho,  Cedar  Co.. 
Lsndreth^s  Mineral  Well,  Knox  City, 

Knox  Connty. 
Le  Oatre  Lick  Springs,  west  of  Dan- 

Tilla,  Montgomery  Coanty. 


2 


1,800+ 

180+ 
600+ 


B 


A      60 


48 


100 


Character  of  the 

water. 


Saline 

Saline,  sulphu- 
reted,  chalyb- 
eate. 


Chalybeate  . 
Saline! 


Bemarks. 


Has  local  reputation, 
but  no  improvements 
at  present. 


Besort 
♦do. 


Saline 

Chalybeate, 

line. 
Saline! 


1    ' I  Saline,  chalybe- 
ate. 


UnimproTed. 


Res:rt  and  u.sed  com- 
jjacrcially  to  »ora«»  ex- 
ten  t< 

Used  fls  a  resort  and 
commercially. 

Besort. 

Summer  resort. 


Besort. 
Cnimproved. 

Do. 
Do. 


Besort  to  a  limited  ex- 
tent. 

Local  resort. 
Besort. 
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Mineral  8pring9  of  Misiouri — Contioned. 


Name  and  looatliHi. 


Lewis  Spring,  H  mile*  ftvni  Glaigow, 

Howard  Coanty. 
LiDdMiv's  Lick,  Dear  JiiDctioD  of  Big 

and  Little  Ramsey.  Pike  County. 
LoDifi  Spring:,  Greenfield,  Dade  Co... 
MoAlli0tf>r  SprlDf^B,  on   Blaclcwater 

Creek,  Saline  Coanty. 
Memmec  Springfi,  nr ar  Naaby,  Saint 

Loaia  County. 
Merriwether'a  Epsom  Sprinirs,  Pike 

County. 
Mineral  Springs,  Panacea,  Barry  Co. . 
Mineral  tpringt : 

Six  miles  east  of  Caasrille,  Barry 

County. 
In  section  18,  township  40,  range 

32,  Bates  ConntT. 
In  section  22,  township  40,  range 

29.  Bates  Coanty. 
In  Elston.  Cole  County 

Near  Elston,  Cole  County 

Two    miles    from  £nobnoster, 

Johnson  Coanty. 
Three  miles  Arihwest  of  War. 

rensburg,  Johnson  County. 
Near  Spring  Ilill.  Livingston  Co. 

Oneand  one-half  miles  from  Lane'a 
Praii  10,  Mariea  County. 

In  McDonald  County 

On  Blackwater  Creek,  near  Tenny 
Creek,  Saline  County. 

Near  Houston,  Texas  County 

Sight  milpB  southeast  of  Mar- 
shall, Salino  County. 
Near  Glasgow,  Howard  County  .J 
Mineral  Well,  west  of  Crescent  Hill,  , 
Bates  County.  | 

Mint  Spring.  5  miles  northeast  of 
Bartville,  Wright  County.  I 

Monagaw   Sulphuretod    Springs,   10  j 

miles  from  Osceola,  Saint  Clair  Co. 
Montesano    Springs,    near    Sulphur  j 
SpringH  Landing,  Jefferson  County. ' 
Mooresville  Mineral  Springn,  Moores 

ville  Llvih^Rton  County. 
Nevada   Mineral   Springs,  Nevada, 

Vernon  County. 
New  Baden  Springs,  12  miles  west  of 
EirkHVille,  Adair  County.  I 

Osceola  Springs,  |  mile  from  Drip-  | 
ping  Spring.  iJoone  County.  | 

Paris  Chalybeate  SpriDgn,  Paris  ! 
Springs.  Lawrence  Connty.  | 

Quitman  Re<l  Sulphur  Springs,  near 
Quitman,  Nodaway  County.  j 

Randolph  Me<lical  Spring^,  Medical ) ' 
.  Springs.  Randolph  Co.  >  . 

Reiger  Sprini!,  Mercer  County,  near  j 
Linovlllc,  Iowa. 

Rocheport  Sulphur  Springs  (or  Adams 
.SprincH).  Roolieport,  Buonn  Connty. 

Salt  Sr»rin([8,  Salt  SprinRs,  Saline  Co. 

Sarnto;;a  Springs,  Saratoga,  McDon- 
ald Couniy. 

Siloam  Springs,  SOoam  Springs,? 
Howell  County.  $ 


10 


I. 

§ 

H 


150 


3  I  825 

5  i  600+ 


250+ 


Chanoter  of  the 
water. 


Banarks. 


Chalybeate ....     Beaort 


Saline  . 
...do  .. 


Sulphureted,  aa- 
line. 


Alkaline. 


51 


eo 


Saline,   snlphn- 


Ssline. 


Do. 


Saline,   aulphu-     Used  commercially  ao*! 

reted.  as  a  resort. 

Calcic,  aaline  . . .    Resort  and  used  com- 
mercially. 
47     Sulphureted Resort. 

02  j  Alkaline,  calcic.   Once  a  resort,  novunim 
i      proved. 


60     Chalybeate '  Resort. 


2,200+ 
40 


16  , 


B 
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I  <      aaa resort. 

60  {  Saline ,  Resort  and  used  com- 
mercially to  some  cs- 
I  tent.      * 

'  Snlpho-saline . 


Local  resort. 
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Kame  Md  loc*tion. 

i 

i 

« 

!i 
a" 

1 

0 

! 
1 

Character  of  the 
water. 

• 
Remarks. 

Spaoldinff  Springs,  BidlB  Connty,  12 

miles  noatnwest  of  HaDnibal. 
Stice'8  Spring.  ^  mile  from  Dripping 

Sprinjr,  Boone  Coonty. 
Saint  LoDisArteaiMi  Well  (3,843  feet), 
Insane  Aa.^lam,  Saint  Louis,  Saint 
Loois  Coanty. 
Snlphur  Springs,  Sulphur   Springs 

Landing,  Jeflterson  County. 
Sulphur  tjningt: 

In  section  27,  township  34,  range 

30,  Vernon  County. 
In  section  16,  township  35,  range 

20,  Vernon  County 
Onehttlf  mile  north  of  Wright 

City,  Warren  County. 
In  Marion  Connty 

4 

2,400 

0 

Saline,  chalybe- 
ate. 

Resort. 

1 
8 

"•; 

100 

105 
45 

Saline,  calcic... 

OnflA  usmI  as  a  TfMiorL 

In  eastern  part  or  Bates  County. . 



In  P^^nton  County  -  r . , 

Two  miles  from  Alston,  Cole  Co. . 

In  Cooper  County           

Near  Fayette,  Howard  County. . . 

Saline,   aulphn- 

Do. 

In  section  33,  township  49.  lange 

15,  Howard  County. 
Kear  Franklin,  Howard  County.. 

In  Jefferson  Countv  

On  Cuivre Blver,  Lincoln  County. 
On  Lick  Ci^k,  northwest  of  Ely, 

Marion  Coanty. 
In  section  6,  township  53  range  1 



west.  Pike  Connty. 
At  Saverton,  Rcdis  Countv 

Trabues     Lick,     near    Spencer 

Creek,  Kails  Connty. 
In  section  33,  township  56,  range  5 

west,  Ralls  Coanty. 
On  Davis  Creek,  Saline  County  . . 

Five  miles  west  of  Osceola,  Saint 

Clair  Connty. 
Twenty  miles  ttoia  Saint  Louis, 

Saint  Louis  County. 
In  section  23,  township  34,  range 

30,  Vernon  Coanty. 
Sulphur  Well,  section  18,  township 

40,  range  32,  Bates  County. 
Sweet  Springs,  near  Hontsville,  Ran- 
dolph County. 

5 

224,000+ 

64 

fUltnA 

Used  commercially  and 
as  a  resort. 

line  Coanty. 
Twin  Springs,  McDonald  Coanty 

White  Sulphur  Springs.    15    miles 

noriheast  of  Osceola,  Saint  Clair  Co. 

White  Sulphur  Springs,  8  miles  from 

Warsaw,  Benton  County. 

Zodiac    Springs,    Zodiac,    Vernon) 
County.                                           J 

12 

(52> 

Saline,  ohalybe- 1 
ate.                 S 

Resort. 
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Analy$e8  of  mineral  springs  in  MitBonri, 


[VDU-S. 


Conitltaeota. 

Aurora 
Springs. 

Boone*8  Uok. 

BowsberMin. 
oral  Spring. 

Bratton 
Spring. 

BnTUiart<s 

Spring. 

Clfllfilnni  MfiArlioniita 

On.pergdU. 

Gn.ptr  gaU.* 

0.9089 

Ort.pergalL' 

Gr§.p»gaJl^ 

^AflnAAinm  bioArbonfttA 

S.180 

Ferrous  blcftrbonate  . .  . . 

4.7639 
0.0656 
0.2208 

0.2286" 

0.7445 

2.63 

'Msnff^iiAiw  IflcArhonAtA 

Calcinm  sulphate 

Mftmesium  Balobftte ' 

2.427 

119.27 

64.19 
15.73 

135. 06 

Aluminium  teraulphate .. 

62.45 
36.74 



Ferrous  snlDhste 

Caloiam  Dhoanhate 

010245 
1.0973 

Sodium  chloride 

4.009 

972.29 

81.47 

1/31 

1,082.48 

Gslcinm  chloride 

93.74 

Magnesium  chloride 

Alnmininni  rtvffiA       .    .    . 

8.949 

116189 

0.6484 

Llihla 

1.430 
0.933 

Ferrous  oxide 

Silica          .     . 

4.7806 

2.63 
11.95 

Carbonic  acid 

Ftaa  finrbonic  Aoid 

3.0541 

Total  

20.878 

1,173.03    1           22.1441 

187.53 

1,428.19 

Constituents. 

r-v^*.....      '     Columbia 
Win^           Chalybeate 
Sprmgs.      ,       springg. 

Climax 
Springs. 

Ellis  Well. 
Nevada. 

Alum  Well, 
Muford. 

Csloinm  carbonate 

Portg  in  1,000.* 
0.173 

Qn.pergaXL^ 

Qtm,  per  gaXU 

On.  per  gall.* 

Grt  per  gaU.^ 

Oftlr.lnTn  lilcArhoiiAtA 

14.62 

Iron  carbonato     

0.036 
0.009 

7.76 

Iron  bicarbonate 

5.51 
16.22 
95.78 
81.34 

Sodiam  sulphate 

63.81 

Calcium  sulphate 

Maffneeiuni  sulphate 

0.685 

6.85 

43.44 

66.06 

Sodium  chloride 

6.632 
0.566 
0.085 
0.648 

30.19 
9.91 

Calcium  chloride     

Potassium  chloride 

Magnesium  chloride 

Calcinm  oxide 

8.62 

4.98 
1.80 
15.08 

3.66' 

3.92 
14.00 
1.20 

1            14.00 

20.40 

MafTuesium  oxide    

AlnmininTn  niridn 

0.79 
1.46 

Silica 

0.008 

Snlnhuric  acid 

Carbonic  acid  ...       .  .... 

0.185 

15.62 

Sodium            

Potassium 

Iodine 

Brornine ^-rT 

Chlorine 

Orffanic  matter 

0.07 

Loss 

3.02 

Total..., 

9.007 

181.21 

72.00 

68L18 

173.91 

•Regis  Chauvenet,  analyst.  '  Litton,  analyst  (1853).  '  H.  W.  Wiley,  analyst  (1S8S). 

k  Paul  Sohweitser,  anal:^  st.  •  Paul  Schweitser,  analyst  (1873).    ■  With  iron  oxide. 

•Paol  Sohweitser,  analyst  (1874).  ' 
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Falrview 
Mineral 
Spring. 

Harriman's 
Snlphur 
Spring. 

lAndreth*8 

Mineral 

Well. 

Sweet  Springi 

t  near  Brown** 

le. 

Constitnents. 

Akeeion 
Spring. 

Sweet 
Spring. 

Calclnm  carboDate 

Ori.ptrgaU,* 

Parte  in  1,000.>> 
0.122 

Ort.  ptrgaXL* 

On.  per  gaU.* 
40.25 

Gn.  p&r  gdU,* 
9.56 

Calolam  bicAilxtDate .  . 

14.88 

Maj^f^siiim  carbonate .... 

0.055 

Ma^f'siom  bicarbonate.. 
Iron  carbonate     ......   .. 

10. 08 

0.006 

2.89 

8.'27" 

0.57 

Iron  bicarbonate 

1&78 

Man^aneae  cat  bonate 



0.20 
2.61 
57.98 



Trace 

So<1inni  sulpliate    

^ 

30.86 

18.41 

28.54 

a  47 

Calriiini  aulphato 

^ncni^aium  aolnliatA  t 

11.60 

1.580 

9.46 

Potaiuiiuni  Hiilptiate 

Barium  Biilpbato    

&15 

0.24 

0.18 

1.17 

756.11 

74.79 

28.56 

87.82 

0.80 

0.18 

0.17 

0.51 

Calciuiii  ohoenhate      ... 

Magnt  siom  niti  ate 

AxDmoninni  nitrate 

Sodium  cliloride    ..  .... 

2.64 

15.757 
1.826 
0.014 
1.408 

1.17 

86.02 

Calciom  chloride   

14.72 

Potaa-ninni  chloride 

3.40 

Ikf  ffffn^'Rinm  chloride  r . .  - 

22.29 

Lithium  chloride    

0.05 

Ma^infaium  bromide 

0.12 

A^lomininm  oxide         .... 

0.67 
0.05 
7.56 

0.09 

Silica 

U.010 
0.2S8 

1.08 

Carbonic  acid         ........ 

Free  carbonic  acid  ....... 

4.66 

Organic  matter  

3.06 

4.01 

Total 

69.80 

20.581 

11&67 

1,  061. 94 

152.27 

Conatitaents. 


Calcimn  carbonate 

Calcium  bicarbonate  

Magnesium  carbonate 

Magnesium  bicarbonate 

Iron  bicarbonate  

Manganese  bicarbonate 

Sodiam  sulphate 

Caloiam  snlphate 

Magnesium  Rulphate   

Potassium  sulpnate  

Aluminium  buJjphate ^k. . 

Caloiom  phosphate V. . 

Sodium  chloride .iT.. 

Calcium  chloride 

Potassium  chloride 

Aluminium  oxide 

Silica 

Free  carbonic  acid 

Iodine 

Organic  matter 


Total. 


MooresTiUe 
Mineral 
Springs. 


Qrt.p€rgaU,* 
il.tV 


5.07 


4.66 
L40 


5.20 


2.45 
*0.'6i' 


Trace 
2.15 
0.22 


4L52 


Lewis  Spring. 


Or9.peraaU.f 


73.12 


122.91 


951.80 
87.29 


1.20&88 


New  Baden 
Springs. 


OrB.pergalL* 
20.65" 


2.86 
0.31 
0.11 
7,48 
28.06 


1.23 


0.04 
0.05 


0.22 
1.54 

12.75 


74.20 


Prewett's 
WelL 


On.  pmr  gaUJ 
18.93 


22.28 
20.37 


7.70 


64.28 


■Lord  and  Stoutenburg,  analysts. 

^Litton,  analyst 

•Panl  Schweitaer,  analystb 


'Charles  P.  Williams. 

•  Wright  and  Merrell,  analysts  (1881). 

'  Begu  ChauTenet,  analyst. 
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Analyses  of  mineral  springs  in  Missouri — Gontiuut^d. 


(BULL.  32. 


Conatitaents. 

Bandolph 
Mediclil 
Springs. 

Grains 
ptr  gallon.* 

Belcher's 

Artesian 

Well. 

Paris 
Chalybeate 

Spruga : 
WilUams's 

Spring. 

Montesano           Casco 
Spring.             Spring. 

Galoiam  oulionate 

Grains 
per  gcUUm.^ 
10.63 
1.02 

0..ft2 

Parts  in 

1,000.  •» 
0.300 
0. 024 
0.006 
0.065 
0.855 
0.037 
0.0^ 

Grains 
per  gallon.* 
71.450 
14.050 

Groin* 
per  gallon^ 
60.970 

^ainiAftiiim  mrboDAto  .  * .     ... 

15.500 

5.13 

Sodium  aalpbate ... 

32.'876  ' 

Calcium  aulphate 

2.43    .             45.67 

33.930 

Tran  and  alumina .   ............ 

0.870 
0.747 
Trace 
0.339 
865.110 

...., 

0.750 

Sodium  fa vDoanlobite 



a  649 

Calcium  phospbate 

Sodium  sulnbide 

Trace 

0.432 

Sodium  chloride 

4.01 

850.61 

27.68 

9.01 

88.34 

368.210 

Calcium  chloride  ......     .  . 

Potaaaium  chloride 



6."023" 

16.370 
85.910 
Trace 
0.852 

16.990 

Magnesium  chloride 

6.95 

34.410' 

Miiimeainm  bromide  .          ... 

0.107 

, 

Lituia 

1.43 
0.93 

Ferrous  oxide 

Silica      



6.i4* 

"'6.013" 
0.239 

©.'sio' ' 



6.'«76 

Carbonic  acid       ..  .  ..... 

Total 

20. 88                483. 52 

1.099 

538. 578 

541. 618 

Ocuet. 
Carbonic  acid 

Oubie  inehes. 
6.56 
0.24 

Ou^itiehes. 
46.43 
1.40 

CtMcinehes. 
43  20 

SnlDhurcfced  h vdroiren 

1.60 

Conatituenta. 

Council 
Spring. 

Alton 
Spring. 

Pearl 
Spring. 

IT" 
Thorn 
Spring. 

Ma(?neaiura  carbonate 

Grains 

Grains 
per  gaUofi.* 
5.540 

Grains 
per  gallon.* 

Grains 
per  gallon.* 

Macneaium  bicarbonate  ..» 

3.770 

Calcium  carbonate  .  ........■•..>•......... 

4a  100 

C'lJciura  bicarbonate 

89.720 
81.910 
Trace 
272. 1.50 
11.680 
80.990 

67.  920 

38.490 

Trace 

362.520 

13. 870 

1          46. 230 

3.880 

1644" 

0.879 
0.024 
Tiace 

1.250 
0,870 
2.560 
1.800 

62.440 

Calcium  sulphate 

So  ium  hyposulphite  ...             

3R980 
Trace 
337.570 
13. 060^ 
35.49OI 

34.560 

SfKlium  chloride 

Pot'jiasium  chloride 

365.520 
15. 280 

Mn'/Do^inm  chloride 

47.500 

Calcium  chloride 

7. 220 

Sodium  sulphide  

Sodium  bisulphide 

MagncHtum  bromide 

Maciieaiuro  iodide 

1.974' 

0.347 
Trace 

1.560 

"."     '6.'i47' 

Trace 
0.710 
0.540 

1.738 

0.409 
0.112 

Ciilcium  nhusobate 

Irace 

Silica. .T  .^.   .:::::::::::.;.::::.::.:::: 

0.770 
0.460 

0.840 

Iron  and  alumina .......        .           

0.380 

Volat  ile  Huapended  matter .• 

Mineral  suspendetl  mutter ' -  -  - 

Total    

Qates. 
Carbonic  acid 

393. 771 

481.687 

630.  937 

535*997 

Cubic  inches. 
34.30 
1.43 

Oubicine?ifS. 
40. 03 
1.98 

Oubicineheg. 
44.14 
1.76 

Cubic  inches. 
43.24 

Balphoreted  hydroiren 

1.50 

■Paul  Schweitzer,  analyst 
^Litton,  analyst. 


•Potter  and  Biggs,  analysto. 
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NEBRASKA. 

The  data  at  haBd  is  relatioB  to  Nebraska  are  insafflcieBt  for  aBy  ex- 
teBded  list  of  its  mineral  springs  or  wells.  Springs  of  any  kind  are  of 
comparatiTely  infrequent  occarrence  in  most  portions  of  the  State^  and 
especially  so  in  the  western  part 

In  many  places  the  waters  reached  by  wells  are  doubtless  somewhat 
mineralized,  as  in  the  neighboring  State  of  Kansas  and  in  Dakota.  Salt 
springs  are  found  in  the  southeastern  part  of  the  State  and  also  near 
the  Elkhom  and  Loup  Rivers.  There  is  a  saline  artesian  well  at  Lincoln. 
So  far  as  can  be  learned,  none  of  the  springs  or  wells  is  used  medici- 
nally at  present. 

Mineral  springs  of  Nebraska, 


4 

1 

•s 

1 
a 

0 

i. 

1 

t 
1 

O 

1 

Bemarka. 

Arteslfto  Well,  LiocolD,  Lancaster  Coant  j 

1 
1 

Sai-atosa  Salphnr  Sprin^r,  Saratoga.  Holt  Connty  — 
Salt  Sorinfffl  Lincom.  Lancaflter  Countv 

KANSAS.  • 

Permanent  springs  of  any  kind  are  said  to  be  somewhat  infrequent 
in  Kansas.  The  mineral  waters  of  the  State  are  derived  principally 
from  ordinary  wells  and  artesian  borings.  Salt  or  brine  wells  are  quite 
common  in  certain  portions  of  the  State  and  are  extensively  used  for 
the  production  of  salt  for  local  use.  Chalybeate  springs  are  found  in 
various  places,  but  the  mineral  waters  are  mainly  saline  and  sulpho- 
saline.  They  have  been  developed  to  a  certain  extent  and  many  of 
them  have  considerable  local  reputation  for  medicinal  effects.  Prof.  E. 
H.  S.  Bailey,  writing  of  the  artesian  wells  of  the  State,  in  the  Report 
of  the  E^ansas  State  Board  of  Agriculture  for  the  quarter  ending  Decem- 
ber 31,  1885,  says  that  "shallow  wells,  especially  in  the  eastern  part  of 
the  State,  furnish  hard  water  impregnated  with  sulphate  of  lime  and 
carbonates  of  lime  and  magnesia;  and  as  the  well  goes  into  deeper 
strata  the  chlorides  increase  and  the  sulphates  decrease." 

Among  the  places  of  resort  the  Great  Spirit  Spring,  Baxter  Medical 
Springs,  and  Geuda  Springs  are  well  known. 

The  list  of  springs  given  here  is  probably  incomplete  and  will  doubt- 
less be  considerably  enlarged  in  the  future. 
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Mineral  springs  of  Kansas, 


[BULL.  SI 


Alma  {Salt  Well,  Alma,  wabaanaee 

County. 
Aninf^D   Mineral  Springs,  Ar- 
lington. Aicbison  County- 
Baxter   Metiical  Springs,  Baxter 

Springs.  Cherokee  County. 
Bonner^  Spring's,  Tiblow,  Wyan- 
dotte County. 
Brom  -  magnesian    Mineral   Well. 

Independence.  Montgomery  Co.  • 
Cranmer  Siirings,  Conway  Springs, 

Snmner  Connty. 
Flowing  spring.  2  miles  southwest 

of  Junction  City,  Davis  Connty. 
Fort  Scott  Artesian  Well,  Fort 

Scott,  Bourbon  Connty. 
Genda  Springs,   Geuda  Springs, 

Snmner  County. 
Girard     Mineral    Well,    Girard, 

Crawford  County. 
Great  Spirit  Spring,  Cawker  City, 

Mitchell  County. 
Hsddon     Mineral     Well,     Moss 

Springs,  Davis  Connty. 
Henek's  Mineral  Springs,  Arring- 

ton,  Atchison  County.    {8f  Ar- 

rington  Sprines.) 
lola  Ikinerul   WeU,    lola,   Allen 

County. 

Jordan's  Springs,  Jordan  Springs, 
Keno  Co&nty. 

Lee's  Springs,  6  miles  east  of  Pea- 
body,  Marion  Connty. 

Louisoui^  Gas  Wells,  Lonisburg, 
Miami  County. 

Louisville  Springs,  Louisville,  Pot- 
tawatomie County. 

Manhattan  or  Kansas  Artesian 
Mineral  Wells,  10  miles  from 
Msnbaiun,  Riley  County. 

Mineral  Spring,  Atchison,  Atchi- 
son County. 

Moodyvillo  Mineral  Springs,  4 
miles  south  of  Blaine,  Pottawat- 
omie County. 

Mound  Valley  Spring,  Moond  Val- 
ley, Labette  Couniy. 

Murphy's  Seven  Springs,  7  miles 
from  Junction  (Jity,  Davis 
County. 

Pfister's  Mineral  Spring,  0  miles 
from  Junction  City,  Davis  Co. 

Piqua  Mineral  Wells,  Piqua,  Wood- 
son County. 

Salt  ftprinfjs : 

In  northeast  part  of  Stafford 

Couniy. 
In  sections  U  and  15.  township 
8,  range  7  west,  Mitchell  Co. 

Sulphur  tprxngs: 

In  section  35,  township?,  range 

2  west,  Clou<l  County. 
In  Allen  County 

Tar  Springs,  near  Somerset,  Miami 
County. 

Wyandotte  Gas  Wells,  Wyandotte, 
Wyandotte  Connty. 


8 
2 

1 

8 


420 
450 


3.000 


416 
1,500 


120 

1,800+ 
350 


800+ 


10+ 
6 


«+ 
6 


100 


§ 


48 
00 
50 


e2 

43|to50 


87J 
55  to  61 


61 


66  to  57 


64 
56 


Character  of  the 
water. 


Carbonsted,  sa- 
line, chalybeate. 
Chalybeate 


Bamarks. 


Calcic,  carbo- 
nated. 


Snlpho-saline . . 

Saline 

...do 


..  do... 
Salinet. 


Saline 


.  do. 


Used  commercially  and 
asareeort. 
Do. 

Besort. 


Used  commerdsllyaiid 

as  a  resort. 
Local  resort. 

Besort. 


Used  as  a  sanitarimn 
and  resort  and  com- 
mercially. 

Unimproved. 


Chalybeate Besort 

Saline 


Used  commercially  and 
as  a  resort. 


Has  local  reputation. 

Alkaline,  &c — '  Resort. 


47 


Alkaline,  calcic. 


Caldo  . 


Unimproved. 


Used  to  limited  extent 
as  resort. 
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Constltaents. 

Tola  Min- 
eral WeU. 

FortSoott. 

Artesian 

Well 

Manhattan  Artesian 
Mineral  Wells. 

Baxter 
Medical 
Springs. 

Murphy's 

Seven 

Springs. 

Well  No.  1. 

Well  No.  2. 

Calclam  carboDftto. ......... 

GnUnt 
pergaUon.* 

Oraint 
perffoUon.^ 

€hrains 
ptrgaXUm.^ 

Gt9bM 

ptirgaUon,* 

(Train* 
^8.80 

Onrins 

C/iilciiiin  bicftrbonfttA. ......  r 

eo.88 

li.28 

*     &28 

6.07 

13.128 

MamcM^inm  carbonftto 

0.12 

81.  M 

0.81 

&285 

0.40 
6.37 

Irun  cftrbwnato  ............. 

Iron  bicitrboDato ...- 

8.93 

1.00 

0.10 

a26 

Sodinm  bicarbonftte 

8.470 

Sodiam  solphftte 

Trace 
0.88 

1  !Mlranni  •nlnhAtA 

'88.87 
0.62 

14.60 
6^68 
0.86 

8.86 
0.68 
0.20 

MaraffiinTn  SDlDhfttOx  t 

Sodium  chloride 

880.M 

70.47 
7.00 
0.70 
Trace 
Trace 
2.20 
0.06 
1.17 

'M'AimAainTn  ohloridA             .    . 

Calcinm  chloride 

PotAMiam  chloHdo ...  ^ ....  r 

17.  W 

an 

L.ithinm  chloride 

Sodium  bibomte 

8Uio»  

OnraniA  matter  ...,-.,,  r ..  -  - 

aoo 

2.00 

10.10 

LIO 

2.80 

0.080 

Oreanlc  matter  Tolatile  and 

L70 

2.60 
Traces 
Traces 

lodidea 

Bromidee  •                 ........ 

Sodinm  hTdroanlDhide 

0.10 

Potasaiam 

Trace 
61.80 

Trace 

39  11 

Siilnhnrlo  acid 

Chlorine 

L46               L80 

Alamioa  and  iron , . . ,  -  ^ . 

Trace 

Ifromine  ....-r..T  ,,   .     .... 

Trace 
Trace 







Total 

Carbonic  aisid 

1.100.27 

100.18 

117.04    1          64.55    1         28.63 

22.813 

Otib.  inches. 
145.802 

Trace 
Trace 

Cub.  inche: 
8&00 

SnlTihiiFfilfid  hvdroirsii .  • . . 

i 

■W.K.Kedsie,  analyst  (1876). 

»  B.  H.  8.  BaUey  andS.  W.  Walter,  analysts  (1884). 

•  O.  H.  Fallyer,  analyst. 


<  A.  Morrill,  analyst  (1882). 
•  Barnes  and  Sim,  analysts. 
'  With  calcium  chloride. 
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[buu.II 


Snlphur 
County. 

Glrard  Min- 
eral WelL 

Henek'a  Mineral  Springs. 

ArriDetoa 
Mioenl 
Sprinis*. 

Ncl. 

No.  2. 

Sodlmn  carbonate 

Graint 
pergaUon^ 

Orainsper 

imp^gaaony 

10.528 

Grains 
psr  gallon.* 
11.456 
9.763 

Oraitut 
per  gallon,^ 
8.551 
6.612 

Grains 

pergalUm, 

CMlcinni  cftrboDAto  ...•••.•.••. 

5iS36 

Oalciiim  bicarbonate  r .  r  r 

16.088 

30.033 

MaKOf-ainiu  carbonate 

6.928 

8  257 

3.508 

If affneMum  bicarbonate  ...... 

17.860 

Potaaalnm  carbonate 

1.435 
8.566 

0.416 

aOOT 

Iron  carbonate   

7  03 

i.itbiuni  carbonate 

6.673 



Sodium  snlpbate 

2.037 

1.218 

^  1.887 

Calcium  HalDbate... . ..   ...   .. 

9.683 
L920 

0  308 

Af aCTctainm  aulohate .......... 

J2-738 

Potaaaiani  aulnnate   

1.031 
95w706 

Sodiam  chloride 

8.628 

2.161 

2.000 

Maimpflinni  obloride  ,.-,,....» 

1  110 

Potaasium  iodide 

Trace 

Silica  

1.190 

0.987 

0.555 

0.540 

Sulnhnrio  add       

1&418 
Trace 
Trftoe 

Sodium  ...., 

Iron      ••  ■                ... 

0.818 

Trace 

Lithia           

Traw 

Barefs^DO 

Tnc« 

Orvanic  maM^r        .. ...... . 

0.269 

0.910 

Total 

461054 

168.718 

43.388 

19.053 

32.621 

Gas, 
Carbonic  add 

42.00 

89.90 

Ou^inehm. 
94.30 

Constltnenta. 

Brom- 
magne- 
sian  Min- 
eral Well. 

Nal. 

Bonner*a 

Springs. 

No.  2. 

No.  3. 

No.  4. 

Ors.per 
gallon.* 

11.674' 

No.  5. 

No.& 

Sodium  carbonate 

Grs.p^ 
gaUonA 

Qr9.psr 
gallon.* 

11.248 

Ort.per 
gallon.* 

13.424 

On.  psr 

gallon.* 

66.481 

7.028 

• 
Grs.per 
gaUon.* 

Org.  per 
gaUon* 

Calcium  carbonate 

13.392 

7.968 

Calcinm  bicarbonate 

30.537 

Iron  carbonate 

5.472 
1.871 

Trace 
0.141 

7.482 

1.961 
6.594' 

2.335 
4.947 

Iron  bicarbonate 

1.682 

0.047 

13. 771 

3,466.921 

347. 770 

419. 140 

13.711 

0.092 

*"  1.155 
Trace 
Trace 

Calcium  anlpbate 

2.608 

Trace 

0.344 

afl04 

Potaaaium  sulphate 

Sodium  chloride               ... 

..'"•^ 

«             1 

Magnealum  chloride 

Calcium  chloride        . 

Trace 

'Trace 

0.750 

1.040 

Tnoe 

Sodium  bromide. 

Sodium  iodide 

Trace 
0.485 

Srn'l  "am't 

Trace 
0.380 

Sml  am't 

Trace 

Trace 

Trace 

Phosphoric  acid 

SUica 

Trace 

Alumina i. ... 

Organic  m(>ttw 

Sm'l  am't 

Trace 

Sm*l  axD*t 

Total 

4,303.826 

1      21.944 

14  985 

98.759 

20.229 

21.018 

20.189 

Gas. 
Carbonic  acid 

Cub.  in. 
25.660 

Cub.  in. 
16.190 

Oub.in. 
2L716 

(htbicin, 
19.082 

OuHein. 
20.069 

Ouhiein. 
18.422 

■  O.  H.  Failyer,  analyst, 
k  C.  6.  Gilbert,  analyst. 


« Juan  H.  Wright,  analyst  (1882). 
'  B.  H.  &  Bailey,  analyst. 


•  William  Jones,  analyat  <1884). 
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Analyses  of  mineral  springs  in  Eaiiscis — Continued. 


CoDBtituenta. 


Sodi  nm  carbonate 

Sochuiii  bicarbonate 

Calcium  carbonato 

Calciam  bicarbonate 

MaiXDcsiiim  carbonate 

Mi);;nosiam  bicarbonate 

I  ron  carbonate 

I  nin  bicarlmnate 

Sodium  Huiphnte 

Maguoaium  salpbate 

Calcium  nalpbate 

Sodiom  chloride 

(*a]cium  cbloride 

Po^aastum  chloride 

Calcium  oxide      

Magnesium  oxide 

Sodinm  bromide 

n.\dru}:eu  auiphide  (combined) . 

livdiogou  Hulpbide  (Itee) 

Silicioaa  matter 

Carbonic  acid  (combined) 

Silicic  acid 

Nitrooaacid 

Boric  acid  . 


Sniphurlcaoid... 
Phoiiphorio  acid  . 

Mac^eaium 

Calcium    

Alumina 

Sodiam 

Silica 

Iodine 

Lithla «... 

Chlorine 

Organic  matter  . . 

Total 


Oas. 


Carbonic  acid. 


Great 


Flowing  .  Pflater's 
'  Spring. 


I  Ors  per 


20.024 


183. 600 
85.281 


5  Minute    \ 
\     trace    >  ' 


705.707 


0.234 


Org.  per 

gaUon,^ 

8.29 


17. 26 


5;  48 


1.65 


Trace 


Ore.  per 
gaUon> 


Piqna 

Artesian 

Well.. 


Ore,  per 
gaUon." 


"Wyan-      Haddon 

dotleGan  Mineral 

Wella.    ,     Well. 


Ore.  per     Ore.  per 
gcMmiA  \  gallon.* 


!.140 


40.7;i8 
"83.'484 


©2.40 
58.24 
44.80 
110.28 


Trace 


"ii'oso 

7.7005 

86.661 

0.4405 

1.400 

0. 1040 

0.00 


27.601 
81.308 


0.21 


&72 


1.12 


0.000    

0.525  1. 

670.805   1,6O2.3l'0  |. 
50.103 


18.012 


Traoe 


I        8. 6730 
a  7206 


0.566 


13.250 


Cubic  in. 
01.00 


I 


I  Abund't  I 


0.4067 
1.0020 


0.5886 


Trace 

37.4688 

Trace 


1.4083 
8. 1017 
«.  8774 
Trace 
Trace 
0.8047 


1, 120. 765  !        28. 84         :«4. 24  I    772.  08H    I,  C74.  48i  j      79.  5037 


•  a.  E.  Patrick,  analyst  (1880). 

*  Barnes  and  Sim,  analysts  (1883). 


•  E.  H.  S  Bailey,  analyst 

*  E.  C.  Franklin,  analyst  (1885). 


•  G.  n.  Failyer,  analyst. 


WESTERN  STATES  AND  TERRITORIES. 

The  first  thing  to*attract  attention,  in  a  general  survey  of  the  mineral 
springs  of  the  West,  is  the  far  greater  prevalence  of  thermal  springs 
in  them  when  compared  with  other  sections.  The  Western  States,  as 
already,  defined,  contain  only  a  little  over  39  ])er  cent,  of  the  total  area 
of  the  country,  and  yet  within  their  limits  are  found  more  than  80  per 
cent,  of  its  known  thermal  springs.  This  proportion  is  likely  to  be 
increased,  as  the  Western  States  present  the  best  held  for  future  dis- 
coveries. When  we  consider  the  individual  springs,  even  manifestly 
imperfect  as  are  our  lists  in  respect  to  the  total  number,  the  contrast 
appears  even  greater.  Not  only  is  the  number  of  hot  and  warm  springs 
greatly  in  excess  of  that  in  other  portions  of  the  country,  but  the  ther- 
mal phenomena  are  overwhelmingly  greater  in' intensity.  In  no  other 
section  are  there  any  manifestations  equal  to  those  exhibited  by  the 
geysers  of  the  Yellowstone  National  Park. 
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Mr.  G.  K.  Gilbert^  has  called  attention  to  the  fact  that  the  geological 
relations  appear  to  accord  with  this  hydro-thermal  contrast  between  the 
Western  States  and  the  other  divisions  of  the  conntry.  He  refers  the 
greater  heat  in  the  former  to  local  uprisings  of  the  geiso-thermal  planes, 
together  with  progressive  corrugation,  the  intensity  of  the  pheuomeDa 
being  heightened  by  the  intrusion  and  extrusion  of  lavas. 

The  connection  of  hot  and  warm  springs  with  volcanic  rocks,  with 
uplifted  mountain  chains,  and  with  dislocations  or  fractures  of  strata 
has  long  been  recognized.  Our  Western  States  present  all  these  con- 
ditions. Here  are  the  most  elevated  portions  of  our  country  and  with 
the  upward  movement  still  in  progress.  A  single  glance  at  the  general 
geologic  map  of  the  United  States  suffices  to  show  that  in  this  portion 
of  our  domain  evidences  exist  of  most  intense  volcanic  activity,  both 
past  and  present. 

The  Western  States  have  been  subdivided  into  four  divisions,  viz, 
the  Rocky  Mountain  region,  the  Plateau  region,  the  Great  Basin,  and 
the  Pacific  Coast.  In  the  Bocky  Mountain  States,  mountain  corruga- 
tion is  probably  the  primary  cause  of  the  hot  springs  found,  although 
igneous  areas  are  not  wanting,  as  notably  in  the  case  of  the  Yellowstone 
National  Park,  in  Wyoming.  In  the  Pacific  Coast  region  the  uplifts  of 
the  Sierras  and  Coast  Ranges  are  accompanied  by  igneous  rocks,  and 
as  we  proceed  northward,  volcanic  outbursts  form  a  striking  feature. 
Almost  all  the  springs  on  our  Alaska  list  are  warm  or  hot  and  in  Alaska 
we  find  the  volcanic  forces  still  active. 

In  the  Great  Basin,  mountain  corrugation  is  subordinate  to  the  fault- 
ing of  the  strata  as  a  cause  of  hot  and  warm  springs.  Mr.  I.  C.  Russell 
describes  this  region  as  follows:' 

^^The  whole  immense  region  lying  between  the  SieiTa  Nevada  and 
Rocky  Mountain  systems  has  been  broken  by  a  multitude  of  fractures, 
having  an  approximately  north  and  south  trend,  that  divide  the  region 
into  long,  narrow,  orographic  blocks." 

With  these  profound  faults  hot  springs  are  associated,  and  a  map  of 
the  hot  springs  of  the  Great  Basin  would  be,  to  a  great  extent,  also  a 
map  of  the  lines  of  displacement.  With  these  displacements  also  are 
associated  volcanic  rocks.  In  the  plateau  region  again  we  find  a  simi- 
lar association  of  faulted  strata  and  the  former  outpouring  of  Jgneons 
rocks. 

Although  thermal  springs  are  so  characteristic  of  the  Western  States, 
other  /classes  are  not  wanting.  Alkaline,  saline,  chalybeate,  and  calcic 
springs  are  numerous ;  many  of  them  are  carbonated  and  still  more  are 
sulphureted.  Silicious  springs,  not  prominent  in  other  sections,  are 
found  abundantly  in  the  areas  of  hot  springs. 

*  Report  of  the  United  States  Geographical  Surveys  West  of  the  100th  Meridiaa,  Vol. 
Ill,  pp.  147-140. 
'Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-^83,  p.  443. 
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The  Western  States  having  been  more  recently  settled,  we  find  that 
fewer  springs  have  been  improved  and  developed  than  in  the  east. 
Still  the  number  of  resorts  is  fairly  large,  and  more  waters  are  nsed  com- 
mercially than  woald  be  expected  in  view  of  the,  newness  of  the  country. 

The  nnmber  of  analyses  that  have  been  made  is,  however,  still  com- 
paratively small. 

Summary  for  the  WetUm  States  and  TerritoriM. 


Montana..... 

Idaho 

WyominK.... 

Utah 

Colorado 

New  Hexioo 

Arixona 

Kevada 

CaUfomia..., 

Oregon 

Washington 
ka 

Total. 


Nnmber  of 
■pringlo* 
oalitiea. 


Nnmber  of 
individnal 
BpringB. 


Nnmber  of 
springs 
analysed. 


Nnmber  of 
springs 
utilised 
as  resorts. 


42 
32 
41 
48 
70 
88 
26 

lao 

220 
47 
15 
26 


722 


200 

114 

2,246 

144 


126 
80 
179  ! 

435  I 

72! 

28 


8,049 


182 


112 


Nnmber 
of  springs 
nsedoom- 
meroiaUy. 


18 


Totidi 

ber    of 
analjrsea. 


8 

2 

7 

9 

88 

12 

3 

6 

44 

8 

1 

0 
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The  Territory  of  Montana  possesses  many  important  and  interesting 
mineral  springs,  although  little  has  ever  been  published  in  relation  to 
them,  especially  in  general  works  on  the  subject.  This  is  due  partly  to 
two  causes :  Montana  was  until  recently  so  isolated  that  comparatively 
little  was  known  of  the  Territory.  Again,  the  proximity  of  the  Yellow- 
stone National  Park  and  the  fact  that  the  readiest  access  to  it  is  through 
Montana  have  attracted  more  attention  to  the  wonderful  phenomena 
of  the  geyser  regions,  and  they  have  overshadowed  the  lesser  springs. 
The  majority  of  the  springs  are  thermal,  and  they  are  found  mainly  in 
the  western  and  more  mountainous  portions  of  the  Territory.  They 
are  sulphureted,  carbonated,  alkaline,  saline,  chalybeate,  and  calcic. 
Among  the  carbonated  springs  is  one  closely  resembling  the  celebrated 
Apollinaris  spring  of  Prussia.  Yery  few  analyses  have  been  made, 
and  the  character  of  more  than  half  the  springs  is  unknown.  A  num- 
ber of  localities  liave  been  improved  and  several  are  well  known  for 
the  curative  effects  of  their  waters.  Among  ihe  latter  are  the  White 
Sulphur  Springs,  Hunter's  Hot  Springs,  Matthews  Warm  Springs,  and 
the  Helena  Hot  Springs.  The  Territorial  Asylum  for  the  Insane  is 
located  at  Warm  Springs,  in  Deer  Lodge  County.  The  present  table  is 
derived  from  the  personal  knowledge  of  the  writer,  with  data  from 
various  i>ersons  well  known  in  Montana.  Thanks  are  especially  due  to 
Mr.  Peter  Koch,  of  Bozeman,  and  Mr.  Walter  Matheson,  of  Billings,  for 
information  furnished. 
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Mlmeml  tipringi  ofMoKkma. 


Vame  and  loestlon. 


i 


ChMftcteroftliA 


Alhftmbra  Springt,  Cluioy,  JefienoB 
Coanty. 

Allan's  Mineral  Springs,  Pine  Creek, ) 
Bitter  Boot  Valley,  M  iseouU  Co.     5 

Alum  Spring,  Upper  BmlgrantGaloh, 
OallaUn  Coanty. 

Bedford  Wann  Springs,  Bedford,  Jef- 
ferson Coanty. 

Big  Hole  Hot  Spring,  Big  Hole  Prairie, 
Bearer  Head  Coanty. 

Boulder  Hot  Spring,  2  miles  firom 
Boulder  Valley,  Jefferson  Coonty. 

Bridger  Caflon  Tepid  Spring,  near 
Boxeman,  Gallatin  Coanty. 

Chalybeate  Spring,  in  Upper  Bml* 
grant  Ooloh,  GaUatin  Comity. 

Clark's  Warm  Springs,  near  Pony,  I 
liadison  Coanty.  > 

Bmigrant  Onloh  Warm  Spring,  on  Em* 

igrant  Crsek,  Yellowstone  Valley, 

Gallatin  Coanty. 
Grayson's  Hot  Springs,  head  of  I^teer 

Lodge  Valley,  ueerXodge  Connty. 
Hapgood  Hot  Springs,  near  Bed  Blufl; 

Madison  Connty. 

Helena  Hot  Springs,  near  Helena,  \ 
Lewis  and  Clarke  County.  5 

Hotivrings! 

On  North  Fork  of  Sun  Btrer,  Lewis 

and  Clarke  coantv. 
Bighteen  miles  east  of  White  Sal- 

pour  Springs,  Meagher  Coanty. 
On  Hellgate   RiTer,  near  Bears 

Month,  Deer  Lodge  Coonty. 
Southwest  of  Flathead  Lake  and 

U  mUes    northeast  of   Horse 

Plains.  Missoula  Coanty. 
On  Granite  Fork  of  Lou^Lou  Fork, 

Miasonla  Connty. 

Hunter's  Hot  Springs,  Yellowstone  \ 
Valley,  Gallatin  Coan;ty.  > 

Livingston  Warm  Springs,  near  Liv- 
ingston, Gallatin  Connty. 

Lou-Loa  Taek.  Hot  Springs,  on  Lou- 1 
Loa  Fork,  Missoula  Connty.  > 


Hot 


Beaoct. 


500 


100 


m 


Caloareooa.. 


Matthews  Warm  Springs,  7  miles  ^ 
west  of  Boseman,  Gallatin  Coanty.  5 

Medicine    Creek    Hot   S] 
Weeping  Child  Fork  of 
Missoula  County. 
MUes  City  Artesian  Weil,  MilesCity, 

Custer  County. 
Mill  Creek  Apdlinariiv  Spring,  Mm 
Creek,  Yellowstone  VaUey,  GaUattn 
County. 
MInmvltpringt: 

One  mile  north  of  Poller  Springs, 

Madison  Connty. 
West  Fork  of  Bitter  Boot  Biver, 
Missoula  Connty. 
STave's  Warm  Spring,  on  Crow  Orsek, 

Jefferson  County. 
Pipestone  Spring  near  Plpsatoaa, 


springe, 
Coanty. 


a,ooo.f 

H400 


102 


Alkaline,  oaloio 


Sulphurated, 
ohalyheate. 


Unimproved. 

Da 

Do. 
Local  rsaori. 
Unimproved. 

€  Unimproved  hat  used 
\    locally. 

Used  locally. 

Unimproved* 

improved. 

Unimproved* 


105,000 
2i,000 

t5,000 


Alkaline 

Oaloio,    Bulphit 

phuroted. 


CChalyheate^sol. 


Carbonated. 


Carbonated. 


Improved  aa  a 
Unimproved. 


Unproved. 
Uaedkieally. 

Unimproved. 

Da 
Da 
Da 
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NiineM&dloeatlaiL 

5 

1 

it 

1 

Character  of  the 
water. 

Bemarks. 

PoDsi's    Bfxiag^    PnUer    Springs, 
OB  Upp^  Soby  Creek.  ^i»di£m 

Bow?Hole  Hot  8pcfa|gB.  neor  head  of 
Bitter  Boot  BirwlOammla,  County. 

Byan's  Hot  Springs,  Ryra's  CsAon, 
new  Dillon,  Beayer  Hesd  County. 

On  Deep(Se€>k.between  Townaend 
Md  White  SalphurSpiiDg8,Mea. 
gberCoanty. 

On  Boek  Creek,  northwest  of  Camp 

r 

B 

Besort. 

Unimproved. 
Da 

1,400 

120 
Cold. 

• 

Baker,  Meagher  Coanty. 
Be*r  Oreatri^  of   MlssonrL 



Chotena  Coanty. 
Tksrmaltprinat: 

On  Warm  SpilngsCreek,  near  Moo- 

oasin  Honntaln,  Meagher  Co. 
At  head  of  Big^ring  Creek,  Me*. 
I^er  County. 
Waarm  Sralngs,  tvarm  Sprinffs,  Deer 
Lodge  valley.  Deer  Lodge  County. 

On  warm  Springs  Creek,  near  Gai^ 

rison,  Deer  Lodge  County. 

Waeswieler's    Warm    Springs,    near 

Helena,  on   Ten-Mlle  Creek,  Lewis 

and  Clarke  Coanty. 

Werner's  Warm  Snringt,  on  branch  of 

Crow  Creek,  Jefferson  County. 
White  Sulphur  Springs,  White  Sul- 
phur Sprbigs,  Meagher  County. 

9+ 

1 

18,000+ 

1284 

AlkaUne  and  sa- 
line,   sulphu- 
reted. 

Bewnrt 
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Analg§e9  of  mimerdl  tpringi  In  MbwUma. 


liTingaton 

WMm 
•prlnga. 

AniiRant 
Gnich 
Warm 

Sprinffa. 

Helena  Hot 
Springs. 

Hill  Creek 

.AMQinuia 

spring. 

flodfaim carbonate  ......       .  .. 

0.0461 
0.1880 
0.1688 

0.0S74 
0.0865 
0.0960 
0.0487 

a  1780 

aoa68 

0.8868 

a0270 

IfaffHitT'Tiin  rarbooate ••...■....... 

a28B8 

0.2742 

0.0408 

Oaloinm  miphate 

0.8160 
0.0148 
0.0078 
0.0800 

0.0204 

Sodlnm  ohloride  

0.0058 
0.0088 
0.08J7 

0.0606 

0.8705 

Potanalnin  ebloride 

a  0061 

Silioa 

0.0038 
Traoe 
Trace 

aosso 

PotaseiniD 

Lltbia 

Trace 

Todin^ ,  r 



Trace 

Tnm  and  almnlBtninmlde 

0.0876 

Loaa 

0.0040 

;.. .: ;.;; 

a0066 

. 

Totel...* 

0.7675 

0.2858 

0.6974 

&8125 

. 

MOeeCity 

Arteeian 

WelL 

White  Sol. 
phor  Springe, 
Spring  Ka2L 

llattfaews 
Warm 
Springe. 

ffodimn  4Hbm>ttte 

Piaflf  in 

100.000.* 

1&06 

0.40 

0.65 

Trace 

Trace 

Trace 

1.04 

2.47 

Mrootton.* 

^10:40 

8.27 

0.6671 
0.1280 

Qraimptf 
merX 
0.0760 

Calotnm  carbonate 

0.0380 

MaffBntinm  carbonate 

0.0488 

a0036 

Tron  carbonate 

Lithiom  carbonate 

1.80 
2.01 

0.4468 
0.2460 
0.0807 
0.0330 

0l1O74 

Sodium  chloTide 

Ok  0707 

Potaaidnm  ebloride 

0.0134 

Silica 

7.74 
0  48 
0.05 

L86 

0.0826 

Free  ammonia 

Iron  oxide 



a54 

0.88 

Hasneeia 

Potanninm  iodide 

Trace 
Traoe 
Trace 
Traoe 

Potaaeinm  bromide 

Rodinm  phosphate. 

Bodinm  mborate  ..x. 

Loea 

0.0010 

Alqiqiqinm  . 

0.12 

0.0194 

a  1098 

1              L46 

Hydrogen  ralphide 

Trace 



Total 

80.81 

1 

60.21 

L6548 

0.5025 

f  F^W.  Clarke,  in^Ttl  (1884). 


kW.A.Noyea,i 


•J.  M.  Wing  ft  Co.,  analytti  (1884). 
<B.  B.  RiggB,  analyiat  (085). 
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IDAHO. 

The  chemical  coinpositioD  of  the  iniueral  springs  of  Idaho  is  so  little 
known  that  they  cannot  be  definitely  classified  beyond  stating  that 
thermal  springs  predominate.  That  warm  and  hot  springs  abound 
might  naturally  be  expected,  when  the  geological  structure  of  the  Ter- 
ritory is  recalled.  Granitic  and  volcanic  rocks  prevail,  and,  iu  connec- 
tion with  the  mountain  corrugation,  present  most  favorable  conditions 
for  the  development  of  hot  and  warm  springs.  Mr.  O.  F.  Becker,  in 
the  Statistics  and  Technology  of  the  Precious  Metals  (p.  53),  18d5, 
speaking  of  Idaho,  says  that  hot  springs  are  thickly  distributed 
through  the  granitic  areas,  and  in  many  cases  issue  directly  through 
the  granite,  although  usually  within  a  mile  or  two  of  the  known  vol- 
canic rocks, land  that  many  of  them  are  highly  charged  with  alkalies  and 
hydrogen  sulphide.  The  list  presented  here  has  been  made  up  largely 
from  various  maps.  Mr.  Albert  Williams  has  also  kindly  given  consid- 
erable information.  Although  few  of  the  springs  have  been  improved,  a 
great  many  are  used  extensively  for  bn  thing,  especially  in  the  mining  re- 
gions. The  most  widely  known  resort  is  at  Soda  Springs,  near  the  bend 
of  Bear  Biver.    None  of  the  waters  is  at  present  used  commercially. 


mneral  spHnga  of  Idaho. 

VamesndloeatiMi. 

1 

1 

Character  6f  the 
water. 

Bemarks. 

Bnmeiiu  Hot  Spring,  Bnmeaa  Valley. 

Owyhee  County. 
Chalvbeate  Spring,  near  Spring  Creek, 

of  henry's  Pork,  Oneida  County. 
Giveu's   Hot  Springs,   Snake  River, 

near  BeynolcM,  Owyhee  County. 

Hot  Creek,  Tdaho  Connty,  20  milee 

northwest  of  Bonanza. 
Hot  Creek  aonth  of  Snake  River.  4 

1 

1 

2 

70,000 
2.000 

o 
105 

Cold. 

08 

Used  for  bathing  retort 

TTnimproved,  but  used  to 
small  extent  locally  for 
bathing. 

or  5  miles  below  American  Falls, 
Oneida  County. 
Hot  lakes    20  miles  soath  of  Wash- 

ington,  Idaho  County. 
Hot  spring* : 

Five  miles   east  of   Bois6  City, 
Ada  Coanty. 

North  of  Fishing  Falls,  Altnras 
Connty,  about  60  miles  southeast 
of  Boi86  City,  25  niUes  north  of 
Snake  River. 

FifU^n  miles  west  of  Ketchnm 

}" 

15,400 

••r    "• 

phnreted,  Ac. 
Chalybeate 

)  Improved  and  used  as  a 
I    resort 

Unimproved. 

Alturas  County. 
Near  Duok  Rivnr  ahont  15  miles 

sooth  of  Hailey,  A  Ituras County. 
Three  miles  sou  ih  west  of  Idaho 

City,  Bois*  County.    . 
On  Salmon  River  16  miles  south 

6 

5.000 

115 

UsedlocaUy. 

of  Bonanza.  Custer  County. 
Bast  side  of  Bear  River  at  south 

125 

IS 

UnimproTed. 

end  of  Gentile  Valley,  Oneida  Co. 
On  South  Fork  of  Snake  River,  8 
miles  below  Salt  River,  Oneida 
County. 

Saline  and  sul- 
phnreted. 

Do. 
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Mtnaral  wprimgi  of  Idaho — CoDtinaed. 


Name  and  looatioii. 

1 

1 

1 

1 

Charaoterofthe 
water. 

Remarks. 

Bot  fprin^*— Continned. 

Od  South  Fork  of  Snaka  River,  he- 

1 

e 

Unimproved. 
Do. 

low  the  lower  oa&on,  Oneidft  Co. 

Lincoln  VftUey  Warm  Bprinm  8  miles 
■outheast  of  Fort  Hall,  Ooelda  Co. 

MiMralkpringt: 

On  Rapid  Rirer.  Idaho  County,  40 

miles  northwest  of  Bon:»nsa. 
At  Wahfl.  Nea  Perc6s  Conntv 

ii 

Caloax«ona 

10 

Robinson's  Mineral  Springs,  Owyhee 
County. 

Soda  SpriDffs,  at  bend  of  Bear  River, 
Oneida  Coaiity. 

Twin  or  Soda  SprlDgs,  east  side  of 

Portueuf  Valley,  Ont^ida  County. 
Warm  Creek,  soath  of  Salmon  Riyer, 

H 

Si 

Carbonated,  oal- 
oareons,     and 
chalybeate. 

Improved  aa  raaoit. 

20  miles  south  of  Bonansat  Custer  Co. 
Warm  apring  cr«ekt : 

AoQthwestofKetohum,  AlturasCo 

Fifte«rn  miles  noflheast  of  Banner. 

Bois6  County. 
Six  mile^  east  of  Challis,  Cnater  Co. 

Wwrm  tpringt : 

Near  Mnnday'a  Ferry,  on  Snake 

River,  Ada  County. 
Southeast    of    Lemhi    Agenoy, 

Lemhi  County. 
Two  miles    north   of    Samaria, 

1 

86 

Oneida  Coonty. 
Seven  miles  south  or  southeast  of 

Samaria,  Oneida  County. 
West  side  of  Bear  River,  sooth 

end  of  GentUe  Valley,  Oneida  Co. 
On  Lander  road,  nortneast  end  of 

6 



chalybeate. 

Upper  Portneaf  Valley,  Oneida 

County. 
Warm  Sulphur  Springs,  near  Linooln 
Lake,  13  miles  south  of  Washington, 
Idaho  County. 

Solpbureted.... 

Analyses  of  mineral  springe  in  Idaho. 

These  Analyses  are  taken  from  Fremont's  Report  on  an  Exploration  of  the  Conntiy 
Lying  Between  the  Missouri  River  and  the  Rocky  Mountains,  dtc,  Wasbingtou,  1843. 


ConaUtirents. 


Soda  Springs 
of  BearfUver. 
Beer  Spring. 


Deposit  from 
Hot  Springs, 

nonhof 
Fishing  Falls. 


Magnesium  sulphate 

Calcium  sulphate 

Caldum  carbonate 

Magncsina  carbonate 

Calcium  chloride 

Magnesium  chloride 

Sodium  sulphate 

Sodium  chloride 

Water  and  loss 

Vegetable  extractive  matter  . 

SilSa 

Alum  ina 

Ironoxide 


GrM.p€r 


trgatt. 

4&40 
&48 

16.44 

12.88 
&82 
4.48 


Piereent 


14.00 
L20 


6.06 
6.40 


•LIO 

&60 

7S.66 
0.70 
4.05 


Total. 


107.86 


100.00 


•  With  calcium  sulphate. 
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WYOMING. 

The  YellowBtone  National  Park,  with  its  wonderful  geysers  and  large 
nnmber  of  hot  springs,  lies  almost  entirely  within  the  borders  of  Wyo- 
miDg  Territory.  In  the  table  the  Park  is  divided  into  thirteen  sublocali- 
ties,  containing  altogether  more  than  two  thousand  springs.  Besides 
these,  oar  list  inclndes  twenty  eight  localities  oatside  of  the  Park.  It  is 
probably  not  complete,  for  there  arid  large  portions  of  the  Tercitory  still 
but  little  known.  This  is  especially  true  of  the  region  of  the  Big  Horn 
Mountains.  The  table  has  been  compiled  from  various  Government 
maps  and  reports.  Several  places  are  utilized  as  resorts,  and  the  water 
from  a  spring  at  Soda  Butte  in  the  National  Park  is  sometimes  offered 
for  sale  in  Montana. 

Mineral  ipritigs  of  WganUng, 


Kamo  and  location. 

1    I 

Ill 

1 

Character  of  the 
water. 

BaMTka. 

AlkaU  tekea.  on  braoohes  of  Liwt 
Craek.  aoatii  of  Sweetwater  Monat- 
aina,  Sweetwater  Coanty. 

m!les  aooth  ortbe  Upper  Bend, 
UiDia  Coantj. 

Tbree  milee  northwent  of  Point 

o 

of  Rocka,  Sweetwater  Connty. 
Near  Meeteetae.  aonth  of  Grey 

50 

96 

BoU  River,  Fremont  County. 
Bot»pnngts 

On  Beaver  Creek,  northwest  of 

Itonsia,  Fremont  County. 
At  Hot  Spring  gate  on  l^^orth 

Platte  BiTer,  Carbon  Connty. 
On  Big  Horn  Rlrer,  Sweetwater  f 

or  Jobneon  Connty. 
Two  miles  from  Camp  Brown, 

Fr6m<mt  Connty. 
On  Snake  River,  4  or  5  miles  be- 

110.8 
117 

Caloio     

low  Hoback's  River.  Ulnto  (t) 
Connty. 
BotndtAvrgpringt: 

On   Stinking  Water   River,   20 

mUea  east  of  Heart  Moont- 
aina,  Sweetwater  County. 
On  west  aide  of  Salt  River,  5 

• 

milas  northeast  of  Oneida  Salt 
Works,  Uinta  (1)  Connty. 
U  Roy  Springs,  near  Le  Roy  Sta- 
tion, Uinta  Connty. 
Saratoga  Springs,  Saratoga,  Carbon 

Connty. 
Soda     Lakea,     along     Sweetwater 

12 
6 

Carbonated,  sa- 
line. 

Saline,  chalybe- 
ala. 

UsedlooaBy. 
Resort 

aoo 

lao 

Coantica. 
On  Sulphur  Creek,  near  Hilllard, 

Uinta  Connty. 
On  Hobaek's  River,  6  mOfS  above 

47 
66 

month,  Uinto  ^1)  County. 

Kear  Junction  of  North  and  South 
FoAes  of  Stinking  Water  River, 
Sweetwater  (!)  Conn^. 

Four  or  5  miles  east  of  Korth  and 

Sonth  Forks  of  Stlnkbig  Water 
River,  Sweetwater  Connty. 
fifar  vnljAs  wMit  of  Oaov  Brown. 

60 

• 

Frteiont  Connty. 
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Mifneral  springs  of  Wyoming — Contioued. 


Name  and  location. 


Suiphwr,  tpringt  —  Continued. 

East  of  Point  of  Rocka,  Sweet- 
water County. 
East  of  Bocli   Springs,  Sweet- 
water Coanty. 
Near  Rawlins,  Carbon  Coanty. .. 
At  Sulphur,  sonth  of  Separation, 
near  Bridger  Pass,  Carbon  Co. 
Sulphur    and    chalybeate    springs, 
Talley   of  Medicine  Bow  Biver, 
Carbon  County. 
Wturm  tpringg : 

Northwest    of    Fort    Laramie, 

Laramie  County. 
Fifteen  miles  north  of  Independ- 
ence Rock,  on   Horse  Cfroek, 
Carbon  County. 
Wind  River,  below  Warm  Spring 

Creek,  Fremont  (!)  County. 
Mouth  of  Jake's  Creek  CaAon, 
near  Wind  River,  Fr6mont  (f) 
County. 
TMouMtone  Aational  Park  tpringt : 

Mammoth  Hot  Springs 

Yellowstone  River  Springs 


Hayden's  Yalley  Springs  . . 
TeUowstone  Lake  springs. 


Pelican  Creek  Springs. 
Gibbon  River  Springs . 
Lower  Geyser  Basin . . . , 


Upper  Geyser  Basin 

Third  Oe.vser  Basin 

Shoshone  Gvyser  Basin 

Heart  Lake  Geyser  and  Basin. . . 
Lewis  Lake  and  Snake  River — 
Snlphor  Springs  on  Cascade  Creek 


78 
47 


128 
112 


11 
121 


20 
306 
140 

40 


I 


74 


84 
68 


63  to  165 
127  to  196 

I 


Chacaoterofthe 
water. 


Remarks. 


UnimproTed. 


100  to  107 
190  to  102 

160 
00  to  107 
180  to  201 

ieot«2oo  |. 

185  to  102  |. 
192tu20U. 
n.*)  to  106 
112  to  174 


Saline,  calcic  . . .    Improved  for  a  reeorl 
Sulnbureted. 

acid,  and  sili- 

cioua. 
...  do.  .. 
Silioious  and  | 

sulphoreted. 
Sulphnreted,  Slg. 

Silicious,  &o 

— do j  Aooommodations  for 

tourists. 


,  I 


'  I 


.do 

do 

.do 

do 

...do 

Sulphnreted . 


Do. 


Analyses  of  mineral  springs  in  Wyoming, 


YeUowstone  NaUonal  Park  Springs. 

ConstltuenU. 

Mammoth  Hot 
Springs. 

Loyrer 
Geyser 
Basin, 
Jug 
Spring. 

Gibbon:  Geyser  Basin. 

LeRoy 
Springs. 

Cleopatra 
Sp£g. 

€hrs,  per 

2.17 
84.37 

Bchinns 
Geyser. 

Peul 
Geyser. 

Opal 
Spring. 

Sodium  carbonate 

On.  per 
imp.gaU.^ 

Ore.  per 

Ore.  per 
imp.  gall* 

Qrt.  per 
imp.gaU.- 

ert.per 
imp.gcM.* 

Braine 
pergalL 

Calcium  carbonate    

24.85 

MOO.  00 

Magnesium  carbonate 

7.45 

51.00 

35.50 
18.50 
18.50 

ILSO 

1.80 

L40 

61.80 

117.00 

Calcium  sulphate 

2.03 
8L67 

3.22 

82.18 
4.06 

Sodium  chloride 

Calcium  chloride 

laoo 

18.66 

370.00 

Silica 

S.50 

8.86 

"ii'M 

16.10 
ia58 

7.84 

53.76 

Sodium  orthoiiilicate  r...   . 

Total 

08.88 

76.72 

08.01 

62.01 

72.63 

143.28 

58&00 

■Henry 


analyst  (1882). 
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UTAH. 

The  earlier  explorers  and  travelers  who  crossed  Utah  on  their  way 
to  the  Pacific  noted  the  presence  of  mineral  waters  and  thermal  springs, 
especially  in  the  region  of  Great  Salt  Lake.  These  springs,  some  of 
them  strongly  saline,  in  many  places  fnrnish  all  the  water  to  be  obtained, 
except  by  long  journeys.  The  thermal  springs  occur  mainly  in  con- 
nection with  faulted  strata,  and  they  also  are  generally  saline  and  fre- 
quently sulphnreted.  Comparatively  few  are  used  as  resorts,  even 
locally,  and  none  of  the  waters  is  known  to  be  at  present  of  commer- 
cial importance.  The  springs  at  Salt  Lake  City  are  probably  the  best 
known  and  most  used  for  medicinal  purposes.  The  <^  Utah  Hot  Springs," 
ten  miles  north  of  Ogden,  formerly  called  ^'Bed  Springs''  and  <^Bear 
Biver  Springs,"  are  used  for  bathing  to  a  considerable  extent.  There  is 
a  hotel  at  the  springs,  aiid  the  place  is  utilized  largely  by  residents  of 
Ogden.  *' Beck's  Hot  Springs"  are  probably  the  springs  2  or  2}  miles 
north  of  Salt  Lake  City  and  the  same  as  the  springs  analyzed  by  Jack- 
son in  1850  and  Oale  in  1851.  For  a  considerable  number  of  localities 
and  corrections  of  temperatures  I  am  indebted  to  Mr.  6.  K.  Gilbert. 

^MiMral  gpHngB  of  Utah. 


Name  and  looAtloo. 

1 

1 

Character  of  the 
water. 

Remarks. 

B6ok*B  Hot  Sprinn,  near  Salt  Lake 

City,  Salt  LalieCoaiity. 
Bine SpriDKB.  18  miles  soatheast of  Snow- 
•  Tjllo,  Box  Elder  Coanty. 

Draper,  Salt  Lake  Coanty. 
Fish  Springs,  north  end  of  Fish  Spring 

Moantains,    southwest    of    Granite 

Mountains.  Juab  County. 
Geyser  (t)  2S  miles  south  of  Panguit4>h, 

Sot  toriituiM  * 

In  Juab  County,  80  mUes  north  of 

Deseret.  Millard  Ceunty. 
Three  mUes  west  of  Salt  Marsh, 

Snake  Valley,  Millard  County. 
Two  and  one-half  miles  north  of 

Honeyrille,  Box  Elder  Countv. 
Two  and  one-hslf  miles  north  or  city 

limits  of  Salt  Lake  City,  Salt  Lake 

Coanty. 
Six  or  ffeTf*n  miles  north  of  TTtah 

o 

Bathing  resort. 
Unimproved. 

6 

1 

86 

Warm 

78 

Alkaline 

Calcic,    carbon- 
ated. 

20+ 

178 

Saline,    chalyb- 
.    eate. 

Do. 

6 

132 
126 

128 

185 

146 
180 

98 

Saline 

....do   

Do. 
Do, 

Probably  same  aa 

Lake,  in  Utah  County. 

Sixteen  miles  west  of  MinersvUle, 

Beaver  County. 

In  Spanish  Fork  Cafion,  Wasatch  Go  . 

Hot  Solphur  Springs,  south  end  of  Great 

Salt  Lake  Desert,  near  Fish  Springs, 

Jnab  County. 

Iron  Springs,  8  or  9  miles  northwest  of 

Cedar  City,  Iron  Coanty. 
JoneH's  Warm  Spring.  |  mile  northwest 
of  Salt  Lake  City,  Salt  Lake  County. 

spring  near  Dra- 
per. 

0 
12+ 

1 

600+ 

Saline,   chalyb* 
eate. 

Saline,    chalyb- 

eate. 
Saline 

Unimproved. 
Do. 
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Mineral  springs  of  Utah — Continued. 


1 

i 

2* 
H 

Character  of  the 
water. 

Remains. 

Knoll  Spiinffs,  20  miles  north  of  Lake 

Creek.  Millard  County. 
Locomotive  Springe,  near  Seco,  at  north 

end  of  Great  Salt  Lake,  Box  Elder  Co. 
MinereU  tpringt  : 

Fifteen  miles  sonthweAt  of  Snow- 

o 
80 

Unimportant. 

ville,  Box  Elder  County. 
In  Tooele  Valley,  Tooele  Coauty  . . . 

Mound  Sut  ings,  Smiles  above  Plymouth, 

Box  Elder  County. 
Salt  Lake  City  Warm  Sprinjf,  northwest 

part  of  Salt  Lake  City.  Salt  Lake  Co. 
Satttpriufft: 

At  Monument  Point,  near  end  of 

4 
1 

1,000 
82.903 

Hot 

108 

Local  resort. 

Saline,   sulphn- 
reted. 

Used  for  bttttdag 
mainly. 

Salt  Lake,  Box  Elder  County. 
In  Hansen  Spring  VaUey,  Box  Elder 

Cunnty. 
Eight  miles  west  of  DeweyvUle, 

Box  Elder  County. 
On  Salina  Creek,  east  of  Salina, 

Sevier  County. 
Sulphur  gpringt : 

On  ClliT  (  reek,  south  of  Yampa  Pla- 

tean,  Uintah  County. 
Sastside  of  Cedar  Mountains,  Tooele 

% 

County. 
South  end  of  Deep  Creek  Mountains, 
28  oiles  southwest  of  Fish  SpTin^, 
Juab  County. 
In  Iron  County,  thirty-three  miles 
southwest  ofMinersville. 
Thermal  spring,  near  Pah- Van  Butte,  in 

Sevier  Desert. 
Undine  Spring,  Labyrinth  Cafion,  Em- 

erv  County. 
Utah  or  Bear  River  Hot  Springs,  8  or  10 
miles  north  of  Ogden  City,   Weber 
County. 
Virgin  ftot  Springs,  near  Virgin  City, 

Washington  County. 
Warm  and  Hot  Springs,  near  Midway, 

Wasatch  County. 
Warm  spring*  ; 

At  month  of.Ogden  Caflon,  Weber 

County. 
On  we-st  side  of  Stansbnry  Eange, 

Tooele  County. 
At  north  end  of  Stansbnry  Range, 
near  Grantsville,  Tooele  County. 
At  west  bane  of  Mineral  Range,  Bea- 
ver County. 
At  head  of  f*rovo  Cafion,  Utah  Co. . . 

1" 

6,500 

(  182) 

to  S 

(   186) 

Saline,   ohalyb- 
eate. 

1  Bathing  reoofrt. 

20 

2 

1 
12 

600+ 

116 

150 

74 

91 

74 

72 
90 
91 

Used  looaQy  by 
fiumen. 

Saline,  calcic... 
Saline 

....do 

Near  Cave  Spring  Settlement 

Ifear  Cafion  of  Colorado  

At  north  end  of  Utah  Lake.Utah  Co. 

East  Hide  of  I*romontory  Point,  Box 

1 

84 

Elder  Connty. 
2fear  Grnnito  Mountain,  Juab  (?)  Co. 

Saline 

Three-fourths  of  mile  sooth  of  Fish 

8 
2 

841 
81 
67 

Spiings,  Juab  County. 
One  and  one-half  miles  south  of  Fish 

Springs,  Juab  County. 
On   south   edge   of  salt  marsh  in 

Snako  Valley,  Millard  County. 
On  west  slope  of  Mineral  Range, 

Beaver  County. 
Warm  aulphur  apringt : 

On  north  side  of  Ogden  Cafion,  Weber 

Connty. 
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CoDStitMntai 

Bprtaig.  new 
Draper. 

ofiSalt 
Lake  City. 

Hot  Spring, 

in  region 

of  Great  Salt 

Lake. 

Jonee*sWann 
Spring. 

CiMnm  flvlionfttv 

ParUin 
1,000.* 

ass 

0.08 

a  02 

Partain 
1.000.^ 

ai8 

Oraint 
p^gaUon.* 

ia24 

Partain 
1.000.< 

as6 

a  12 

MtfiHwhiin  ffa1phftti»  

a  81 

1.47 

a  10 

1.08 

Sodinm  chloride 

8.05 

1.09 

,     a  29 

a  59 

rAirivni chlorHi^    r ..-. 

Ut£nf«inin  chlorMe . r 

0.36 

PftiMihiin  fhlorid^ 

ao2 

0.36 

IfmnmfiMO  OXldf^-.. . ..  1. ..^ 

Trace 
1.67 

InaperDzids 

i           0.01 

ao6 

Trace 
a  02 

AlamioA 

^)irft , 

ai8 

Tiiw^ _., 

23.26 

147. 37 

122.75 

16.68 

29.08 

a  15 

ChloriiM 1 

Soda 

Mmi4«i»                    

>4nlpharl«  ftflW ..;.  i 

LoM                                                                            ' 

Total 

1.66 

10.60 

332.00 

9.28 

0aa6§. 

rfvlHnik  wrM                 

InezcoM 

Present 

fiqlnhanrtMl  hTilnwttii 

Present 

CoiMtttoento. 

SeltUU 

ke  City  Warm 

Spring. 

Utah 
or  Bear  River 
Hot  Springs. 

Warm 
Spring,  near 

Granite 
Monntaln. 

^Mchini    OttrtKHMtO     -r-rrr. 

Grain* 
0162 

Parti 
in  1,000.^ 
0.76 
a28 

a65 

ParUin 
1.000.« 

ass 
a  34 

ParU  in 
l,000.r 

Partain 
1,000.1 

Mifiifninin  csrboiiAift  

0.2016 

(!i1rin|||  ftqfphAtf^      

1.37 

a  8094 

2.09 

Iroochloride 

0  02 

Sodimn  chloride 

10.54 
4.53 
0.54 

8.17 
0.06 

7.72 

18.0168 
2.0187 
a  1308 
1.6732 

18.14 

Calciom  chloride 

0.58 

o.io 

a  34 

Trace 

Trace 

ao2 

0  97 

1.07 

Tron  peroxide    ...., 

}      •■"{ 

Trace 

iHnmim 

a  0040 
a  0460 

Trace 

S"V*     .....   .     ...... 

Nimcacid   

i^aoe 

•orbed. 

a87 

Total 

38.88 

10.23 

ia28 

23.3005 

22.87 

Oatet. 

Preeent 
Present 

Trace 

SnlDharetod  hTdroeen 

•I.  T.  Kingsbury,  analyst  (1882). 
^L.  D.  Gale,  analyst  (1851). 
•  C.  T.  Jackson,  analyst  (1850). 
<I.  T.  Kingsbnry,  analyst  (1881). 


*C.  T.  Jackson,  analyst. 

'F.  W.  Clarke,  analyst  (1884). 

■L  T.  Kingsbury,  analyst  (1884). 
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COLORADO. 

Both  hot  and  cold  mineral  springs  abound  in  Colorado  and  contrib- 
nte  to  the  reputation  of  the  State  as  a  health  resort  Considering  the 
newness  of  tbe  State,  a  fair  proportion  of  its  springs  have  been  im- 
proved, and  several  of  them  have  become  known  all  over  the  country. 
Among  those  are  Maniton  Springs,  at  the  base  of  Pike's  Peak.  The 
authorities  for  the  list  given  here  are  the  reports  and  maps  of  the 
Hayden  Survey  and  of  the  Wheeler  Survey  and  Dr.  Charles  Decnlson's 
Bocky  Mountain  Health  Besorts,  supplemented  by  personal  knowledge 
of  a  large  number  of  the  localities. 

Mineral  9pring$  of  Colorado, 


Kame  and  looAtlon. 


j 


Clumeterofthe 
wMer. 


Renuoka. ' 


Alkali  Springs,  toear  Moname&t  Park, 
Bl  Paso  Coanty. 

Alum  Spring,  in  Schdl  Cafion,  Purga- 
tory siver.  Bent  'Joonty. 

Antelope  Springs,  Antetope  Springs, 
Hinsdale  County. 

Affoa  Caliente,  near  Capnlin,  Con^oa 
Covnty. 

Artesian  Well  at  Steel  Works,  Pueblo, 
Pneblo  Coanty. 

Artesian  liagnetie  Mineral  Spring, 
near  Union  Depot,  PnebJo,  Pneblo 
Coanty. 

BuMsalrs  Soda  Lake  Springs,  Jeffer- 
son County. 

Cafion  City  Springs.  Cafion  City,  Fr6- 
mont  Oonnty. 

Cafion  CitT  Hot  Spring,  1  mile  from 
Cafion  City,  Fremont  Coanty. 

Cafion  Creek  Springs,  near  Oaray, 
Ouray  Coanty. 

Carlisle  Spring,  near  Bearer  Creek, 

Pueblo  Countv. 
Chalk  Creek  Hot  Springs,  near  Hey- 

wood,  ChaflTee  County. 
Chalybeate  Spring,  in  Spring  Bottom 

of  Arkansas  Biver.  Bent  County. 
Cottonwood  Hot  Springs,  Cottonw  od 

Springs,  Chaffee  County. 
Elbert  iron  Spring,  near  Bockwood, 

La  Plata  County. 
Estes  Park  Springs,  Estes  Park,  Lari- 
mer County. 
Hartsel  Hot  Mineral  Springs,  Hartsel, 

Park  County. 
Hauman  Hot  Springs,  east  side  San 

Luis  Valley,  Saguache  County. 
Hot§prings: 

On  Sonth  Fork  of  KaTaJo  Biver, 
southwest  of  Banded  Peak,  Ce- 
ntos Coanty. 

On  Bock  Creek,  near  Sopris  Peak, 
Gunnison  County. 

Hot  Sulphur  Springs,  Middle  Park, 
Grand  County. 

Idaho  Hot  SodaSprings,  Idaho  Springs, 
Clear  Creek  County. 


8 

i 


12 


8,000 


Snlpho-sallne . . 


Carbonated. 


104 


Unimprored. 
Bathing  resort. 

Beaort 
Do. 


4«0 


150 


Sulphureted,dM). 

Saline 

Chalybeate,  Ac  . 


OOt 
66 

106 


Chalybeate 

Saline,    chalyb- 
eate. 
Sulphureted  — 


UnimproTed. 

Do. 
Besort. 


|22    I        10,060 

}....!       a;ooo 
(316) 


80f 

to  J 
104) 
91  J 

117) 
120) 


Sulphureted  . . 


Sulphureted 

Alkallne^aaUne 


Do. 
Do. 


Digitized 


bi»GoogIe 
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Vaine  and  location. 

1 

1 

i 

1 

i 

1 

Charaoterofthe 
water. 

Bemazka. 

IrooLakeS]»ri9Ka,  noftrSilTertonPAM, 

• 

o 

Chalybeate 

....do 

San  Joao'Coimty. 
Iron  Sprlnsa,  Bent  County,  northaaat 

Iron  Springs,  12  milea  from  TeUoride, 
Son  kigael  County. 

Liberty  Hot  Springs,  Wagon  Whod 
Gap.  Bio  Grande  Coonty. 

Moath  of  Gallon,  on  Pnzgstory 

<to  ,. 

hso  1 

(48 
<to 
(00 

Saline 

Besort. 

886 

line,    chalyb- 
eate. 

Unimprored. 
Do. 

RiTor.  Bent  County. 
On  Caddo  Creek,  20  mflea  aboTO 

month.  Bent  Connty. 
Near  CoM^oe,  Concjoa  Coonty 

Thermal 

Fonr  or  fire  milee  east  of  CaAon 

City,  Fremont  Connty. 

Springs,  Con^oa  Connty. 
One  mile  below  Pagosa  Springa, 

Cooejon  Connty. 
On  Cemrat  C  reek,  near  Beat  Biyer, 

0 

- 

Do, 

Caloic 

Do. 

GiinniiiMn  Connty. 
In  Bidwell  Basin,  near  Irwin,  Gun- 

Snlphureted, 

• 
Do. 

nison  County. 
On  White  Barth  Biver,  Gunnison 

1 
1 

8 

ho    < 
(84) 

chalybeate.      ; 
Carbonated,oal-  ') 
oio,   and  eha-    '     Tin. 

County. 
Hhieral  Park  Well  (artesisn),  on  Ar- 

lybeate. 

Used  for  bathing. 
Besort 

kaiims  KlTer,  1  mUe  above  Pueblo, 

Pnnblo  Coonty. 
Morriaoo  Spring,  Monteon,  JefBsrson 

Coantr. 
Monnd  Sods  Springs,  Cnrrsnt  Creek,  9 

miles  from  head,Park  Connty. 
Q}os  de  Ids  Csballos,  San  Luis  Valley, 

Ssgnache  County. 

Ouray  Mineml  Springs,  Onray,  Ovray 

kaline.' 



XJnlmproTed. 

4 

140) 
148 

to   > 
108  { 
80 

Alkaline,     oar- 
bonated,   snl- 
phureted. 

County. 

PsiKosa  Springs,  Pagosa  fipringa,  Co- 
nejos Coonty. 

Parnassus    Springs   for   Bed   Creek 
Springs),  Bed  Creek,  near  Beulah, 

Pbkerton  Springs,  6  miles  west  of 

Besort. 

Carbonated,  sa- 
line, and  snl- 
phureted. 

AikaUne 

f  Has  a  local  repnt*> 
[    tion. 

Unimproved. 

Trimble,  La  Plato  County. 

[ioo+ 

i,ooqtooo 

Besort. 

Cbsilbe  Coonty. 

Porter's  Spring,   DeoTer,  Arapahoe 

Connty. 
Salt  Creek  ^ring,  Salt  Cieek,  Pneblo 

Between  Fort  Lyon  and  Kit  Car- 
ton, Bent  Connty. 
At  Bnffldo  Springs,  South  Park, 
Park  Connty. 
Seltier  Mineral  Springs  (formeriy  Pea- 
bo^  Springs),  8pi&igdale»  Bonlder 

Shsw's  2;agne^  Springe,  6  miles  from 
Del  NorSTBio  Qtua&  Connty. 

Snlpho-ohalyb- 

%llfn«                 r...... 

ImproTcd. 
TTsedlooany. 

1 

7,000 

8 

1,000+ 

Besort  and   need 

Besort. 

*  Walton  describes  these  springs  nnder  the 
hBis  at  a  loss  to  know  the  deriTation  of  the 


» **Boeky  Mountain  Springs,"  but  the  proprietor  says 
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[BULL  ft 


1 

i 

1 

Chantotarofthe 
water. 

^ 

Six  mQes  sonth  of  Cafion  City. 

Fr6moDt  Coanty. 
Bast  of  Dillon.  Sammit  Coantv 

,    • 





West  of  Leadville,  Lake  County  . .  >' 

Ota  Pine  Creek,  sonth  of  Texas 

Creek,  Fremont  Connty. 
Sonth  Park  Springs,   south   end  of 

South  Park.  Park  Connty. 
Steamboat  Sprini^s,  Steamboat  Springs, 

80 

Salbie,   snlphn- 

Resort 

Routt  Connty. 
Stinking  Springs.  2  miles  fVx>m  Salt 

1  ■'■■ 

Unimprored. 

Creek  Springs,  Paeblo  Connty. 

Near  headof  Cement  Creek,  Gun- 
nison Connty. 
East  of  Chioosa,  Las  Animas  Co . . . 

i 

1 

. 

Three  miles  from  Crested  Bntte, 
Qnnnlson  Connty. 

Sagle  Connty. 
On  Frying-Pau  Creek,  Pitkin  Co  . . 

Nineteen  milea  east  of  Hnerfiuio, 

Hnerflino  County. 
Three  mllMi  w^mt  of  TrinldMl,  Tah 

Animas  Connty. 
Tomlchi  Hot  Spxings,  near  Elgin,  Gun- 

1- 

2 

moi 

<to  > 

SaUn«t    snlphn- 

|Looal  resort 
Resort 

nison  Connty. 
Trimble  Springs,  TrimUe,  ^  Plata 

(160) 
180 

05 

reted. 
Alkaline,  salino. 

Connty.  ''      '  ' 
Tripp  Springs,  near  Trimble,  La  Plata 

Alkaline 

County. 
Unoompahgre  Springs,  TTncompahgre 

Park.  Ouray  County. 
Wellsville  Warm  Springs,  Wellsyllle, 

Fremont  Connty. 

Do. 

Analyses  of  mineral  springs  in  Colorado. 


CaAon  City  Springa. 

Iron  Dnke. 

Little  Dnke. 

BigTTte. 

AqnaVida 

Sodium  carbonate 

Parto  in  100.« 
0.1267 
0.0535 
0.0249 
0.0201 
0.1872 

Porto  inlOO.* 
0.1266 
0.0374 
0.0234 
0.0207 
0.1956 

0.0504 
0.0782 
0.0857 
a0880 
6.2858 

'^^'Si 

Calcium  carbonate. 

o.m 

M AgneHinm  oarbonate 

0.0M3 

Sodinm  snlnhate  ......................     .... 

iMtf 

Sodinm  chloride 

a»» 

Total 

0.3626 

0.4040 

6.4188 

atfsi 

•Oaoar  Loew,  analyst  (1876). 
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Analyses  of  mineral  springs  in  Colorado— Coutiuxied, 


Coostttncmte. 


CafLon  City  Springs. 


CODj 


Hot  Spring. 


Hot  Spring, 

SoathFork 

of  KavilJo 

Biver. 


Booky 
Moantun 
Springs.* 


Sodium  oarbonsto 

Caloinm  carbonate 

Magnasinm  carbonate . 

Iron  carbonate 

Sodium  snlphate 

Cftlcinm  saiphate 

Sodiom  silicate 

Sodium  chloride 

Sodium  iodide 

Sodium  bromide 


Perto  in  100> 
0.0382 
0.0482 
0.0300 


ParU  in  100.^ 
0.0110 
0.0568 
0. 0211 


0.0810 


0.0134 


0.0063 


a  0301 


Parts  in 
100, 000.^ 


10.20 
17.10 


61.60 


Grains 

psrgaUon,' 

8.70 

48.81 

0.80 

2.80 

104.60 


4.00 
4.06 

1.30 


Total. 


0.2063 


0.1820 


88.80 


166.24 


Conftituents. 


Sodium  carbonate 

Calcium  carbonate 

Magnesium  carbonate . . 

Sodium  snlphate 

Potassiom  snlphate  — 
Magnesium  snlphate  - . 

Sodium  silicate 

Sodium  chloride 

Silica 

Hagnosift 

LithiH 

Iron 

Ammonia 

Carbonioacid(ftee).... 


Total. 


Hot  Sulphur  Springs,  Middle  Park. 


Spring  No.  1.  Spring  No.  2.  Spring  No.  3.  Spring  No.  4. 


€fraint  i       €hrains 

per  gaUon.*  per  gtUUm.* 

6&67  I  60.46 

10.08 . 

6.57  4.14 

&48  &07 

0.60  '  0.07 


Grains 
per  gallon  A 
i  20.37 


14.61 


Trace 
Trace 


1.46 


17.58 
1.03 
&26 


Grains 
per  gaUon.* 
20.42 
8.46 
2.66 
14.25 
7.03 


Trace 
Trace 
Trace 


13.20 
0.61 


12.18 
0.64 


2.04 


Trace 

Trace 

Trace 

&42 


Trace 

Trace 

0.42 


101. 75 


65.00 


66.61    I 


74.06 


Constitnenta. 


Hot  Sulphur  Springs, 
Middle  Park. 


Spring  No.  5. 


Spring  No.  6. 


Estes  Park  Springs. 


Sanch 


BiT.rSpring.|      ^- 


Sodium  carbonate 

Celeiam  carbonate 

Magneainm  carbmiate  . 

Iron  carbonate  

Sodinm  sulphete 

Potassium  sulpliate — 

Sodium  chloride 

Silica  

Alumina 

Iron     

Ammonia 

Organic  matter 

Carbonie  acid  (free) . . . . 


Total. 


Gmtns  per 

gallon.* 

80.37 

•     8.68 

1.03 


Grains  per 
gaUon A 
22.42 
6.43 


Parts  in 
100,000* 


Parts  in 
100,000.* 


8.85 

0.86 

18.07 

1.81 


25.11 
1.60 

13.11 
1.36 


2.84 
2.01 
6.66 


6.80 
1.83 
8.12 


Trace 
Trace 


Trace 
Trace 


0.00 

1.81 

0.78 

Trace 


1.00 

1.82 

0.00 

Trace 


0.48 


4.60 


1.70 


80.66 


74.81 


16.88 


2.06 


17.1 


•Probably  Seltser  Springs. 
^Osear  Loew,  analyst  (1875). 
•C.  T.  Jackson,  analyst. 


<E.  J.  Mallet.  Jr.,  analyst  (1875). 
•C.  F.  Chandler,  analyst. 
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Analyaea  of  mineral  «pHii^«  in  Colorado — Continued. 


[bull.  82. 


Conatitae&to. 

Idaho  Hot 

Soda 

Sprmga. 

Seltaer 
Mineral 
Springs. 

Porter's 
Spring. 

HartselHoi 
Kineral 
Springs. 

Carlisle 
Spring. 

Chalk 
Creek  Hot 
Springs. 

Bodlmn  ci^rbonAi-^, 

ParUin 

100.000.* 

62.81 

Parttin 

100.000.* 

9.87 

Parttin 

100,000.* 

0.07 

100,000.^ 
130.56 


Parttin 

100.000.* 

16.42 

Parttin 
100.0iiO.< 

Potamiinin  Cftrbonntttr . . ,  - .  ^  - 

ft.  23 

Calciam  carbooEte .......... 

i6.82 
4.04 
7.07 

60.84 

74.29 

1.14 

6.86 

184.46 

17.68 
1.71 
2.67 

47.28 

a68 

19.89 
1L09 

88L40 
19L62 

a61 
84.28 

L20 

I.SS 

Iron  carbonate 

1.08 

SodiDm  sulphate ...• 

10.58 

PntjuiAinTn  anlnTiAtA. .      

Magneaiam  salphate 

Sodtnm  silicate .              

32.09 
6.90 

6.86 

1.64 
8.27 
9.14 

4.45 

Sodinm  Bnlnhide 

Sodinm  chloride 

7.18 

8.61 

168.08 
82.68 

19.80 

PotaMiom  chloride 

LOB 

Mameainm  chloride 

1.96 

BoSfam  iodide   ? 

i 

2.28 

Sodium  bromide 

Silica 

5 

afi2 

Trace 

8.49 

Llthia 

TlBM 

AlnmiDa  -..,,, .t,,-,. 

0.65 

Ammonia    

Timee 

Organic  matter 

Sniphar 

'PreMnt  ' 

Tiaoe 

Trsee 

Total 

177.69 

296.72 

96.64 

870.40 

12a  63 

2127 

Maalton  Springe. 

Constltaenta. 

IronTTte 
Spring. 

LttdeChlfif 
Spring. 

Hanlton 
Spring. 

Nan^o 
Spring. 

TTteSoda 
Spring. 

Shoahoae 
Spring. 

PttrUin 

100,000.* 

69.34 

Parttin 
lOO.OOO.* 

Ifi  18 

Parttin 

100.000* 

62.26 

111.00 

20.61 

0.21 

TrsAA 

Parttin 

100.000.* 

124.69 

129.40 

81.66 

0.24 

ia42 

16.21 

39.78 

1.47 

Parttin 

100,000* 

23.82 

40.00 

6.10 

Trace 

1.40 

12.24 

Trace 

13.93 

Trace 

Parttin 
lOO.OOO.* 
8&8B 

Calcinm  earbonate 

69. 04               76. 20 

\        108.50 
Trtc^ 

Lithinm  carbonate 

Iron  carbonate 

14.66 
Trace 

6.78 
80.80 

7.01 
81.69 

2.09 

18.01 

Trace 

1.80 

Sodinm  enlphate 

61. 88              19. 71 

S7.0S 

PotasBinm  aolphate. 

6.24 

•47.97 

2.22 

13.86 
40.08 
2.01 

&12 

Rodinm  o-hloriae 

4112 

Silica 

TrsM 

Total 

210L87 

2ia48 

260.00 

861.87 

97.49 

2BLtS 

•I.  O.  Pohle,  analyst 

^C.  T.  Jackson,  analyst  (1877). 


*E.  J.  Kallet,  Jr.,  analyst 
^Qeorge  E.  Patrick,  analyst 

(320) 


*  Oscar  Loew,  aBalyat  (1875}. 
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Liberty  Hot  SprinKa. 

ConstUuenta. 

»* 

tt 

Na8. 

V\f 

"^2? 

^^^ 

Sodiam  carboBate 

Pans  in 
100.000.* 
60.42 
13.08 
10.01 
Trace 

Parts  in 

100,000.* 

Trace 

81.00 

5.10 

Trace 

ParUin 

100,000.* 

144.60 

}      22.42 

Trace 

ParUin 

100,000.- 

126.04 

7L00J 

Trace 

1.54 

8.78 

10.22 

102.06 
4.21 

Trace 

ParUin 
100,000.* 

iia45 

54.54 

22.43 

1.78  . 

2.23 

3.08 

ParUin 
100,600.* 
78.82 

MaenesiDm  CArbonate 

Uthiain  oarboDftte 

46.01 
17.03 
0.16 

Iron  carbonate .- 

2.75 

Sodinm  anlpbate 

23.78 
Trace 

20L26 

5.78 

Trace 

Trace 

i6.60 
Trace 

1L72 

1.07 

Trace 

12.00 

18.76 
Trace 

83.84 

4.75 

Trace 

8.28 

Potaaeidm  salphAte 

1&44    1             14.54 

Sodium  chloride 

Silica 

104.13                 58.28 
7.04    1               6.00 

Orsanio  n^tor 

Trace 

SoJphorited  hydrogen 

Carbonic  acid....... 

Trace 
Inexceaa 

Inezceas 

Inezceaa 

Total 

152.12 

71.80 

2ia77 

888.75 

333. 02    1           217. 21 

Conatltiienta. 

Pagoaa  Springa. 

Spring  Ko.  1. 

Spring  Ko.  2. 

Spring  No.  8. 

Spring  No.  4. 

Sodium  carboniito     ...                   •••««•..••. 

Parts  in 

100,000.* 

4.70 

50.00 

4.85 

0.71 

221.66 

7.13 

20.25 

&70 

Trace 

100.000.* 

8.83 

60.50 

8.02 

Trace 

220.20 

6.06 

20.  .36 

5.21 

Trace 

PaHs  in 
100,000.* 

ParUin 
100,000.* 

64.  si 

3.68 

Trace 

223.92 

6.68 

31.21 

6.53 

Trace 

58.78 

3.50 

Lithf  1*iQ  oarhonate 

Trace 

Sodinin  (inlphf^te. tt..^  .,»T-t  r ,,., r ■.  ■, -^- -, .., , 

224.50 

PotaaAinm  nnlnhata 

7.10 

Sodiam  chloride 

20.81 

Silica 

8.82 

Orcanic matter --   

Trace 

Total 

838.00 

828.50 

825.48 

827.64 

'  Oacar  Loew,  analyst  (1876). 


NEW  MEXICO. 


In  inaDy  portions  of' New  Mexico,  alkaline  and  saline  waters  (many 
of  them  warm  or  hot)  are  doubtless  more  prevalent  than  are  pare  waters. 
The  mineral  springs  that  are  utilized  for  medicinal  purposes  are  nu- 
merouSy  and  some  of  them  were  used  years  ago  by  the  Franciscan  and 
Dominican  friars,  and  by  the  Indians  prior  to  the  advent  of  Europeans. 
Many  of  the  hot  springs  have  widespread  reputations  throughout  tlie 
Southwest.  Among  those  most  used  at  the  present  time  are  Las  Vegas, 
Jemes,  Joseph's  Ojo  Caliente,  and  Hudson's  Hot  Springs.  The  present 
list  for  the  Territory  is  compiled  mainly  from  information  furnished  by 
members  of  the  United  States  Geological  Survey  whose  field  of  work  has 
been  in  New  Mexico.  Various  Government  exploration  and  geological 
reports  and  hand-books  have  also  been  drawn  upon.  The  analyses, 
with  one  exception,  have  been  taken  from  the  Keport  of  the  United 
States  Geographical  Survey  West  of  the  lOOth  Meridian  (Vol.  Ill, 
Geology). 
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Mineral  tpringt  of  yew  Meadeo. 


Name  and  looatton. 


1 

i 

1 

Chanusterofthe 
water. 

Bemaikt. 

o 
88 

• 

Water  ia  on  aakin  Suti 

IM 
Warm 

• 

Beaoct. 

151 

100 

!  ?^l 

<     to  ' 

i  m) 

C     75 
i     toS 
(   140> 

Do. 
Da 

10+ 

1 

40 

Salioe 

....do 

Alkaline,  saline. 

Da 

Alkaline 

Alkaline,      ml- 
phareted. 

Solphoreted,  &o. 

Alkalineandsa. 
Une,  thermal. 

:«+ 

8,000 

C   108) 

to 
(  122j 

aaareaott. 

I. 

85 

1 

Carbonated 

" 

Snlphnreted.... 

Apache  Telo  Warm  Sprinsa,  Math 

of  Fort  Bayard,  Grant  Connty. 

Aqna  Caliente,  near  Meailla  (?), 

Dona  Ana  County. 
Aatec  Sprmg   (OJo  Xigante),  4 
milca  «Mat  of  Santo  F6.  ttanu  F6 
County. 
Cab(  llo  SprincB  (f),  5  milea  from 

Foi-t  McRae,  Socorro  County. 
Oey^r  in  fiemaliUo  County,   12 
milea  northeast  ol^  Fort  Winsate. 
Hudson's  Hot  Springs,  near  Had- 
son,  4  miles  northwest  of  Mim- 
bres,  Grant  County. 
Eottprinfft: 

In  Shu  Diego  Cafion,  on  San 
Antonio    Creek,    north    of 
Jemee,  Bernalillo  County. 
Near  the  Rio  Grande,  north  of 

Palom^s,  Sooono  Coanty. 
On     Diamond     Crrek,    near 

mouth,  Socorro  County. 
Oila  River,  near  Diamond 
Creek.  Socorro  County. 
Jemea  Hot  Sprinss  (lower  in^>op), 
twelve  miles  above  Jemee,  Ber- 
nalillo Connty. 
JemesHotRprinea  (upper group). 
San  Diego  CaAon.  14  miles  above 
Jemes,  Bemalillo  Connty. 
La«    Vegas     Mineral    and    Hot 
Springs,  near  Las  Yegaa,  San 
Miguel  Coimty. 


Three  miles  east  of  GaUnp, 

Bemalillo  County. 
Eighteen  miles  west  of  Abi> 

quin,  Rio  Arriba  County. 
FIto  miles  eastof  Q)o  Asnfre, 

Bemalillo  Connty. 
Bast  of  Great  Ranch  and  8 
miles  northeast  of  Las  Ye- 
gas,  San  Mignel  Coonty. 
Ojo  Azal^e,  Bemalillo  County,  20 

milea  west  of  Fort  Wingate. 
Q)o    Calicnte    (Joseph's),    Taos 
County,  12  milei^  fh>m  Barranca, 
north  of  A  biquiu. 
Q)o  Caliente.  Mimbrea  River,  15 
milea  north  of  Mlmbres,  Grant 
County. 
Q)o  (Caliente,  12  miles  southweat 

nf  Zufii,  Valencia  Coanty. 
Ojo  Caliente,  near  Cherry  ville  and 

Canada  Alamosa,  Socorro  Co. 
Q)o  Sarco.  on  Rio  Grande  north  of 

Saato  Barbara,  Taoa  County. 
San  Ynidro  Spring,  near  Jemea, 

Bemalillo  Coun^. 
8odatpnng$: 

Three  milea  north  of  Gjo  Ca- 
liente, Taos  C*  unty. 
On  Salado  Creek,  4  or  5  miles 
south  of  San  Ysidro,  Bema- 
lillo County. 
Fo«r  or  5  mues  south  of  Car- 
rigo  Vallej[,  Socorro  County. 
Thirteen  miles  northeast  of 
Isleta,  Bemalillo  County. 
Stinking  Spring,  10  miles  north- 
eaat  of  Coolid^e,  Valencia  Co. 
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HaBwaodlooatkn. 

1 
1 

9^ 

i 

1 

1 

ChanMterofthe 
water. 

1 

In  Ctaiuca  VaDey,  Bio  Airiba 

CoODtT. 

Watt  or  Hew  Laceia,  Yalen- 

o 

daCoon^. 

Coontj. 
ITcnafprin^.- 

Kear  Hndaon.  8  miloa  north- 

180 

weat  of  ICimbrea,  OrantCo. 
At  bead  of  San  Diego  Cafion, 

Bio  Arriba  Conaty. 
At  oopper  minea  of  B|o  Baa 
Fran«^80o,  Sooorro  Co. 
Warm  SaJpbnr  Bprlog,  Bio  Pt^ 

180 
88 

Analjf$ea  of  mineral  epringa  in  New  Mexico, 


Jemea  Hot  Springe. 

LaaYegaa 
MineraT 

^S^ 

n.' 

Oeyaer. 

!ri*s.« 

Spring  in 
upper  group. 

and  Hot 
Spring. 

Sodiui  carbonate 

POTttin 

ioo.ooa> 

108.85 

0.21 

Traoe 

18.00 

8^17 

Pwrtaim 

100,000.* 

184.28 

6l4o5 

0.18 

Trace 

10.88 

iV.84 

Partt  in 
100.* 

100.*    . 

Pmruin 
100.* 
0.0218 
0.0548 
a  0057 

PmrUin 
100.000.* 
120.00 

Caldam  carbonate 

a  0841 
0.0108 

0.0300 
0.0240 

}          13.76 

. 

IroD  carbonate 

0.0002 

Sodiain  anlph  »fe 

0.0086 

0.0050 

5w28 

Potaaaiam  anlpbate 

Caldamaalphate 

Sodium  chloride 

Traoe 
a  1882 
Traoe 
Trace 
Traoe 

0.0282 
0.1608 
0.0010 
Traoe 
Trace 

3&08 
Traoe 

88.78 

0.9842 
0.0201 
Trace 
Trace 
Trace 

0.41 

Potawa  ....*.'      ; '.v.. 

Traoe 

*' 

Traoe 

Lithia 

Phosphorio  acta 

Total 

280.21 

254.80 

0.2401 

0.2822 

0.8728 

^145.42 

SaaYildro 
Spring. 

Warm  Snl- 
phar 

Laa  Vegaa  Mineral  and  Hot  Sprlnga. 

Aateo 

Parttim    1 

100,  ooa*  ' 

1.72    i 

52^ 

!K?i* 

Spring. 

Bodfamicarbonaite 

Purttin 
100.* 

ParUin 

100,000.* 

17.01 

1        7.18 

ParUin 

100,000.* 
1-17 

ParUin 

100,000.* 

&00 

11.41^ 

ParUin 

100,  ooa  k 

llaipeaiam  carbonate . . . 
Iren  oarbonate 

0.0870 
a  0248 
0.0008 
a  1880 

8L08    1           10.83 

a  1688 
0.0805 

Cafetomaoliibato 

14. 8C 

14.12 

10w«8 

18.27 

0.0225 
0.0050 

SodhTcwSldr. 

aaora 

Traoe 
Trace 
Traoe 

8.11 
Trace 
Trace 
Traoe 

27.28 

1.04 

Trace 

24.87 
Traoe 
Trafie 

27.84 
2L51 
Tiaoe 
Strong  traoe 

0.  OlO'J 

Saiea....^.  : 

a  0220 

P'liaaia 

iSSr!::::::::::::::::;; 

Strong  trace  Strong  traoe 

Total 

a5882 

47.  SI* 

63.22    1 

52.10 

82.53 

0.2881 

1 

*  Oaear  Loew,  aaaljat  (1876). 
^7.  W.  C]arhe,aiiiayat  (1885). 


■  Contalna  earbonio  aold  aad  hydrogen  aolphide  alao. 
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MINERAL   SPRINGS   OF   THE   UNITED   STATES 


ARIZONA. 


[liGU.S2. 


Definite  information  relating  to  the  mineral  springs  of  Alrizona  is  dif- 
flcnit  to  obtain,  and  the  list  given  here  is  not  offered  as  complete.  In 
some  portions  of  the  Territory  alkaline,  saline,  and  snlphuret^d  waters 
are  so  nnmeroas  that  they  attract  bat  little  attention.  So  far  as  can 
be  ascertained,  none  of  the  springs  included  in  the  table  has  been 
improved,  although  the  Monroe  Springs  are  said  to  have  been  used  to 
some  extent  for  bathing.  Saline  springs  appear  to  be  most  abundant 
and  a  large  number  of  them  are  thermal.  Many  of  them  will  probably 
be  utilized  for  medicinal  purposes  as  the  country  becomes  more  thicklj 
populated.  The  few  analyses  given  have  been  derived  from  Vol.  in 
(geology)  of  Wheeler's  survey  reports. 

Mkural  8pring$  of  Arizona, 


Name  and  looation: 


Alkali  springs,  in  Boo-koo^er-Uish  CaAon,  ApMhe  Connty 

Asua  Caliente,  opposite  Burke's  Station,  on  OfU  Birer,  Maricopa 
Coonty. 


Asna  Sal  Creek,  southwest  of  Carrlso  Honntain,  Apache  Coon^. .. 
Bitter  Spring,  sooth  of  Lee's  Ferry,  on  Colorado  BiTer,  Yavapai 

County. 
Croton  Springs,  in  Snlphnr  Springs  Valley,  Cochise  Coonty 


Croton  Springs,  in  Snlphnr  Springs  valley,  Cochise  Coonty 

Oypsnm  Spring,  in  D^trital  valley,  Mohave  Connty. 

mw-hi-ti-to  Spring,  sonthwest  of  Carriso  Mountain,  Apache  Connty . 
SottpHnM: 

Opposite  month  of  Cahicn  Creek,  Gila  County 

East  of  Black  Cafion  of  Colorado  River,  Mohave  County 

On  Rio  San  Franoisoo,  7  miles  ahove  the  mouth,  Graham  Connty 
Lava  springs,  in  Grand  Cafion  of  Colorado  River,  Mohave  Connty. . . 
Mineral  springs,  13  miles  northwest  of  Green's  Peak,  Apache  Connty 

Mineral  Park  Bitter  Spring,  in  Cerhat  Range,  Mohave  Connty 

Monroe  Hot  Spring.  Castle  Creek,  60  miles  south  of  Fresoott^  Mari- 
copa Connty.     (mthing  resort.) 
Kot-tahn-de-let  Spring,  20  miles  north  of  Keam's  Cafion,  Apache 
Connty. 

Pahgun  Spring,  in  Grand  Wash  of  Coloiado,  Mohave  Connty 

aaU'tpringt: 

Along  cafion  of  Salt  River,  Gila  Connty 

South  of  Stone's  Ferry,  on  Colorado  River,  Mohave  Coonty 

Fifty  or  OOmlles  northeast  of  Williams'aTradingPoet,  Apache  Co. 

On  the  Colorado  Chiqnito,  near  Hardy,  Apache  County 

Sand  Cave  Spring,  Apache  Connty,  60  miles  northwest  of  Fort 
Defiance. 

Shanto  Spring,  40  miles  northwest  of  Fort  Defiance 

Shanto  Spring,  50  miles  northwest  of  WlUiama'a  Trading  Post,  Apa- 
che County. 

Solphor  Spring,  sonthwest  of  Camp  Bowie,  Cochise  Connty 

Thm^naltpringt: 

Near  Tuhac,  Pima  County 

On  Prieto  River,  Graham  Connty 


i 

k 


I 


I 


127-180 
89 


1  4,200 


150-lfiO 
100 


I 

I 


8alin^  alk» 

line. 
Saline. 


Do. 
Do. 


Tepid. 
..do... 


Da 


Alkalias,^ 
line. 


SalphuTetea. 
Alkaline. 
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Mineml 
Park, 
Bitter 

Spring. 


^ypsom 

Detritei 
▼aUey. 


Hot 


£iol^iii 
Fnuk- 


XapiMiaiii  cttrbonato.. 

Calcium  nrbonate 

Socttiun  ralphftto , 

XAflwfliam  solpliftte . . , 

Cakiain'MiIpliate 

Iroo  snlpbate 

MaafTiBMe  salphate  . . . 

Sodiom  chloride 

PotaMimn  chloride 

HagBMiain  chloride . . . . 
Caleiani  chloride 


Partain 
100,000.« 


TiMe 
0S.8 

lias 
Trace 
Trace 


Ptertein 

100,000.* 

Trace 

12.0 

6L6 

172.8 

laai 


PortMin 
100.* 


aoiio 


&4 


897.8 
Tiaee 


0.1025 
0.1861 


Total.. 


188L8 


764.8 


0.0088 


*  Oacar  Loew,  analyst  (1875). 


NEVADA. 


The  State  of  Nevada  is  better  off  in  respect  to  springs  than  in  regard 
to  streams  of  running  water.  She  occupies  a  prominent  place  as  a 
mineral-spring  State.  Both  hot  and  cold  springs  (the  former  predom- 
inating) are  found  in  every  county.  Walton's  work  credits  the  State 
with  two  localities,  and  yet  there  are  at  least  ten  localities  that  are 
Qtilized  for  medicinal  purposes,  and  many  of  them  were  so  used  by  the 
Indians  long  before  settlements  were  made  by  the  whites.  Our  table 
includes  more  than  one  hundred  localities,  and  yet  only  a  part  of 
the  actual  number  of  springs  are  given,  for  some  of  the  groups  contain 
as  many  as  forty  or  fifty  or  even  more  individual  springs.  It  is  im- 
posgible  at  present  to  give  the  total  number  of  springs.  Steamboat 
Springs  is  probably  the  best  known  resort,  as  it  has  long  be.en  readily 
accessible.  The  warm  and  hot  springs  are  found  mainly  in  connection 
with  geological  fault-lines  or  fractures  of  the  strata.  Salt  springs  and 
borax  springs  are  numerous.  Sulphureted  springs  are  frequently 
found  also.  So  few  of  the  springs  have  been  analyzed  that  the  greater 
part  of  them  must  be  considered  as  unknown,  so  far  as  their  chemical 
eharacter  is  concerned.  The  list  of  springs  has  been  compiled  from 
various  maps  and  such  Government  reports  as  were  accessible,  sup- 
plemented by  information  furnished  by  members  of  the  United  States 
Geological  Survey  who  have  worked  in  N'evada. 

Mr.  I.  O.  Bussell  and  Dr.  W.  J.  Hoffman  have  added  largely  to  the 
list  from  their  {personal  knowledge  of  the  State,  and  thanks  are  also  due 
to  Mr.  L.  A.  Buckner,  of  Winnemucca,  Nev. 
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[BULL  a 


Name  and  looatloii. 

1 

1 
1 

1 

1 

water. 

Bemarki. 

Soneitada  Coanty. 

o 

Mountain,  Esmeralda  Gonnty. 
Allen'a    Spring,    Roath  of  Canon's 
Lake,  CharchiU  County. 

Bitter  Springs,  15  miles  soathweet  of 

Saint  Thomas,  Lincoln  Conntv. 
Bntte  Spring,  north  end  of  Hot  Springs, 

BntteTHomboldtConnty. 
Dooble  Spring,  nortJi  of  Walker  TAke, 

Bsmenada  Connty. 
Double  Hot  Springs,  southwest  flank 

of  Black  Book^Baqge.  Humboldt 

Connty. 
Elko  Hot  Springs,  Elko,  Elko  County. 
Franktown  Hot  (springs,  Ftanktown, 

Washoe  County. 

boldt  County. 
Chiodrioh  Sprbig,  12  miles  fh>m  ScheU- 

bounie.  White  Pine  County. 
Granite  Creek  Hot  Spring,  near  Alkali 

Lake,  uortli  of  Granite  Creek  Desert, 

Humboldt  County. 
Gypsum  Spring,  20  miles  northeast  of 

Las  Vegav,  Uncoln  County. 
Hottpringt: 

On  north  side  of  Thonsaad  Craek 

182 
Warm. 
191-186 

Besort 

6 

28,000 

150 
100-166 

Chalybeate  and 
sulphur. 

Do. 
Unimprored. 



180 

D«L 

Valley,     southwest     of    Stein 
Mountains,  Humboldt  County. 
In  Soldier  Meadows.  16  miles  aontli 

of  Camp  MoGarry,  Humboldt 

Connty. 
At  south  end  of  Stein  Monntaina, 

Humboldt  County. 
Ten  or  12  miles  north  rf  Mason's 

178 
U8-184 

2 

Caldof 

Crossing  of  Quinn  Biver,  Hum- 
boldt C«intT? 

ley,  Elko  County. 

Elko  County. 
Emit  nf  Division  PaaV  and  nnntb 

: 

of  pah  TJte,  Humboldt  County. 
On  northeast  sido  of  Pine  VaUey, 

north  of  Mineral  Hill,  Eureka 

County. 
South  of  Alkali  Lake,  east  side  of 

Crescent  VaUey,  Eureka  County. 
On    northeast   aide   of   Pah    Ute 

Mountains,  ClmrchiU  County. 

In   Antelope  Valley,  near  Eagle 
Lake,  Elko  County. 

2f  orthwest  of  Sink  of  Quinn  Biver, 
Humboldt  County. 

If  ear  Egan  Cafion,  16  miles  north- 
west ofSchellboume,  White  Pine 
County. 

At  northwest  end  of   Pyramid 
Lake,  Washoe  County. 

At  north  end  of  Pyramid  Lake, 
Washoe  County. 

On  Carson  Biver,  6  miles  north- 
east of  Genoa.  Douglas  County. 

At  south  end  of  Smoke  Credc  Des- 

2 

1 

^si^isar 

• 

ert,  Washoe  County. 
At  north  end  of  ToqubnaBange,  18 

der  County. 
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Mineral  springs  of  Nevada — Contmned. 


Kanie  and  looatton. 

1 

i 
1 

Chanusterofthe 
water. 

Bemarka. 

Near  Junction  ot  Beef  and  Ylrgin 
Creeks,  Homboldt  Connty. 

o 
108 

180 

Spring  Creek.  HamboldtConnty. 
In  ICobeh  Yaliey.   neu  Grabble 

Mill.  Eareka  County. 
Obweat  tide  of  Smita  Creek  Yal- 

iey, Charchm  County. 
On  west  elde  o^  6abb*t  Yaliey^ 

EMnenlda  County. 
One  mile  eastof  Caraon  City.  OmiB- 

by  County. 
Ten  mileA  north  of  Wellington. 

Lyon  County. 
East   of   Hot    Springs    Station, 

Chnrohill  Connfy. 
East  of  Winnemncca,  Humboldt 

County. 
At  bead  of  north  braoch  of  Little 

111 

40-140 

168-187 

180 

BnproTed. 
Besort 

8 

01,000 

Humboldt,  Humboldt  County. 
At  head  of  south  branch  of  Little 

Humboldt.  Humboldt  County. 
'       On  sonthweat  side  of  Black  Book 

3 

......  .d 

Bangs,  Humboldt  Cooniy. 
At  south  end  of  Black  Bock  Bangs. 

Hnmbolt  County. 
Near  south  end  of  Pine  Forest 

160 

Bange.  7  mUes   fh>m   Mason's 
Crossing  of  Qninn  Biver.  Hum- 
boldt County. 
In  Emigrant  Cafion,  northeast  of 

Tulasco.  Elko  County. 
At  south  end  of  Thouaand  Springs 

Yaliey,  Elko  County. 
At  Coplias  Kyles,  7  miles  south  of 

Sue  Springs,  Churchill  County. 

Biver  Yaliey.  Lander  County. 
In  Steptoe  Ysllev.  southwest  of 

; 

125 
85-117 



BnbyVaney,  White  »-ine  County. 
Hear  SUvcr   Peak,  Esmeralda 

County. 
Fourteen  miles  south  of  Toyabe 

City,  N>  e  County. 
In  Diamond  Yallev,  80  miles  north 

11 
•      1 

8S,000 

60-117.8 
Boiling 

Saline,  &c 

of  Eureka,  Eureka  County. 
In  Hot  Spring  Bange,  N  ye  County. 
In  Salt  ValleT,  east  side  of  Carson 

2 

Boiling 

Sink  Moan'tains,  Churchill  Ca 
Hot  ^'ulphor  Springs.  Carlin,  Elko  Co 
Kyle's  Hot  Spiings,  12  or  15  miles  east 

of  Star  Peak,  Humboldt  County. 
Las  Yens  Springs,  Las  Yegaa,  lAn- 

ooln  County. 
Leaoh's  Hot  Springs,  Pleasant  Yaliey, 
25  miles  south  of  Winnemucca,  Hum- 
boldt County. 
Heaquit  Springs,  10  miles  east  of  Las 

Yiigas  Lincoln  County. 
Miller's  Hot  Springs,  lo  miles  north  of 

I 

Do. 

1 

78 
118 

Calcict 

170 
Boiling 

Sulphurated.... 

Franklin,  Knby  Yaliey.  Elko  County 
Mineral    Bill    Hot    White    Sulphur 

Springs  (Brnffy's  Hot   Springs),  4 

miles  north  of  Mineral  Hill.  Eureka 

County. 
Mineral  tpringa : 

0 

150-1- 

So. 

'twldt  County.                  ~^ 
West  side  of  Smoke  Creek  Desert^ 

Washoe  County. 
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Mineral  9pHng$  of  Nmtada — Continned. 


(BULL  St 


)«nd 


ICvddy  Sprines,  northwest  of  Weat 

Point,  Llnooln  Conntr. 
Mad  Springs,  Desert  wells^Kye  Co... 
Nelson  Springs,  20  milee  sonth  of  Ool- 

oonda,  Bamboldt  Coantr. 
Bed  Blntr  Springs,  10  mues  OMt  of 

Saint  Thomssj  Lincoln  County. 
Rotten  Bgff  Spruigs,  west  side  of  Mod 

Lake,  wasfioe  Coanty. 
Salt  Well,  1  mile  north  of  Stone's  Ferry, 

Lincoln  Coanty. 
Schellboame  Hot  Springs,  Sohell- 

boame,  White  Pine  Coanty. 
Shaw's  Hot  Springs  (formerly  Swift's), 
two  miles  northeast  of  Carson  City, 
Ormsby  County. 
Hot  water  of  Ophir  Mine,  Comstock 
Lode,  Virginia  City,  Storey  Coanty. 
Smoky  Valley  Geysers,  Nye  Coanty. .. 
Soda  Lakes,  8  or  4  miles  east  of  Sag- 
town,  Charohill  Coanty. 
Boda  9pringi  : 

East    of   South    Carson    Lake, 

Churchill  Coanty. 
South  of  Silver  Peak,  Btmeralda 

County. 
Near  Butlerfleld's,  Warm  Springs, 
west  of  Railroad  Valler,  l^e  Co 
Steamboat  Springs,  Steamboat,  Washoe 

County. 
Sae  (or  Oilbert's)  Hot  Springs,  north 
end  of  Osobb  or  Salt  valley,  Hum- 
boldt Coanty. 
Sulphur  tpringg : 

In   Esmeralda  Coanty,  12  miles 

southeast  of  Wellington. 
In  Sodavilio.  Soda  Springs  Valley, 
north  of  Colarabns,  Esmeralda 
Coanty. 
At  sooth  end  of  Diamond  Valley, 

Eureka  County. 
Seven  miles  east  of  Montesoma, 

Esmeralda  County. 
Eight  or  9  miles  northeast  of  To- 

yabe  City,  Nye  Coanty. 
Twenty  miles  south  of  Freyberg, 

Lincoln  County. 
In  Pahrimp  Valley.  Lincoln  Co  . . . 
At  Sand  Spring  Flat  15  miles  south 
of  Stillwater,  Churohill  County. 
Thermal  tprinat  : 

On  east  side  of  Little  Cedar  liount- 

ains,  Elko  County. 
At  east  base  of  Keene  Mountains, 

San  Antonio,  Nye  County. 
Five  miles  east  of  Patterson,  Lin- 
coln County. 

Virgin  River,  Lincoln  County 

Volcanic  Springs,  Whirlwind  Valley, 
Lander  County,  10  miles  south  of 
Beowawe. 
Wabuska  Springs,  Waboaka,  Lyon 

Coanty. 
Walley's  or  Genoa  Hot  Springs,  OesuMS 

Douglas  County. 
Ward's  Hot  Springs,  foot  of  Granite 

Mountains,  Humboldt  County. 
Warm  tpringt  .- 

Northwest  of  Shoshone  Mesa,  west 
of  Bock  Creek,  Lander  Coanty. 


flot. 


Hot. 


88.6 


4,000 


4.200+ 


000 


uo 


Boiling 


178 


204 

10^186 


Hot. 


Alkaline;  saline. 


Saline  . 


Saline 


Used  for  iirigatioa. 
Retort 


SaUn6k*o. 


Hot 
Boiling 


Do. 


Improved  and  used 
asareaort 


Strongly  saline. 


RMort. 
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VHDendloeatloiL 

1 

1 

i 

k 

1 

Character  of  the 
watar. 

• 
Bemarka. 

On  Whit©  Kiver.  in  Sierra  VaUey, 

20  miles  northeast  of  Batter- 

fl«l<t  Nye  County. 
South  of  Bonoma  Bsnjca,  Ham- 

W.ldtConntv. 
Oo  west  Kide  of  King  River  Valley. 

Humboldt  Coonty. 
liirbt  luilen  soothwest  of  Camp 

Ualleck.  Elko  County. 
At  Hiko,  Lincoln  Connty 

o 

2 

7»^ 

80 

w5^"i&ss:^i£SssS'S!i' 

reka  Connty. 

Anvth  of  Alkali  T^kn  Pmm  lUvAi* 

. 

Valley,  Lander  Conn^. 
On  west  side  of  Warm  Spring  Val- 

Isy,  Nye  County. 
At  north  end  of   Grass  Valley, 

Lander  Connty. 
In  Storey  County,  10  or  12  mUes 

aoQthof  Wadsworth. 
At  north  end  of  Carioo  Valley. 

Lander  Connty. 



79 

Homboldt  Connty. 
In  Fi«h  SpringVsUey,  southeast 

of  DanTflleTNye  Connty. 
Sii  miles  north  of  Hot  Springs, 

Smith's  Creek  VaUey,  ChnrohiU 

Connty. 
In  Ash  Meadows.  Kye  Connty 

8L6 

At  north  end  of  White  Pine  Val- 

ley, White  Pine  Connty. 
West  of  liah  Creek  Bange.  Lander 

Sprtojf  Valley,  Whit©  Pine  County. 
Whelsn's  White  Sulphur  and  Mineral 
Springs,  Pine  Valley,  12mUesnorth 
oFlfineral  HiD.  Snxeka  Connty. 

140 

» 

S.000 

ioe-u2 

Looalnaort 
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(BULuax 


« 

Larger  Soda  Lake,  near  Ragtown. 

Waid*s 

Hot  Springs 

Hot  water 

ConstituenUL 

Surface 
water. 

Ch'onu 
perUter^ 
26.410 
a  040 

30)  inches 

below 

Borface. 

TT«jjC. 

HOI  opnnga,  i          ■» 
Gnmito     i  Hot  Spring 
Mountain.         SUtfon. 

from 
OpUrHiiM. 

So<liani  carboaate  . .  • 

Qramt 
per  liters 
24.840 
0.040 

ParU  in 
1,000> 
29.25 
0.06 

Utfr.*       1        Ktor.* 

''SBftSir 

MaioiMinm  carbonate 
Calcium  carl)onate. . . 

1 

2L82 

4.10 

MagDeBium  Rajpbate. . 

10.170 

10.450 

18.76 

0.4267 
a  0170 
0.^247 

0.4089 
0.0090 
0.1037 
0L0063 

2.67 
2.  OS 

Calcium  salpbate .  ... 

10.01 

Alnmioinm  ftnlphat4. . 

PotaHsinm  anlpbate. . . 

8.65 
64.04 

0.65 

Sodiam  chloride   .... 
Potaaaium  chloride  . . . 

71.470 
4.820 
0.404 

6a  030 
MIO 
0.417 

0.8665 
a0368 

1.4M0 
ai378 

0.60 

Sodium  bi borate 

Sodium  ealphide 

a24 

*" 



Sodium  Bilicate 

0L1948 

a  1480 

SUica 

a  804 

0.810 

a  21 

2.21 

SiUcafree 

0.0180 

a2060 

Carbonic  acid  in  ex* 

0.47 
2.12 

oeaa. 
Loaa 

L612 

6wl58 

aooso 

Ol27 

Alfimina 

Traoe 

**•' 

Total 

12S.130 

12S.160 

114. 70 

L1002 

2.4958 

2&25 

>  T.  M.  CbaUrd.  analyst  (1884).       ^  O.  D  Allen,  analyst  (18n).       •  George  Atwood,  aaalyst. 

CALIFORNIA. 

The  states  of  the  Pacific  coast  are  remarkable  for  the  number  of  their 
mineral  springs,  especially  of  hot  and  warm  springs,  and  California 
stands  at  the  head  of  the  list,  having  probably  more  localities  than  any 
other  State,  east  or  west.  Our  table  does  not  give  the  total  number  of 
individual  springs,  since  complete  reports  have  been  received  from  com- 
paratively few  of  the  localities  included.  The  springs  are  classified  as 
sulphureted,  carbonated,  alkaline,  saline,  chalybeate,  and  acid.  Nat- 
unilly  many  of  the  springs  are  thermal,  for  the  volcanic  rocks  with 
which  such  springs  are  usually  associated  are  found  in  many  portions 
of  the  State.  A  large  number  of  the  California  springs  are  improved 
and  utilized  as  places  of  resort,  being  visited  by  thousands  of  people 
annually.  Many,  however,  are  comparatively  inaccessible,  and  are 
therefore  little  known.  The  best  known  springs  are  probably  the  Gey- 
ser Springs  of  Sonoma  County,  which  are  really  a  collection  of  fnma- 
role8,  solfataras,  and  boiling  springs.  There  are  nearly  a  dozen  localities 
at  which  the  waters  are  put  up  for  sale  and  shipment. 

The  list  of  springs  given  here  has  been  compiled  from  various  sonroes. 
The  report  of  Dr.  F.  W.  Hatch,  in  the  Sixth  Report  of  the  State  Board 
of  Health,  for  1880,  and  various  hand-books  (among  them  Traman's 
Illustrated  Guide  and  U.  H.  Chittenden's  Health  and  Pleasure  Re- 
sorts of  the  Pacific  Coast)  have  been  drawn  upon  in  its  preparation. 
Besides  these,  the  reports  of  the  State  mineralogist,  Henry  G.  Hanks, 
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Whitney's  geological  reports,  and  the  varioas  Oovernment  geological 
publications  have  been  consnlted,  and  all  this  has  been  supplemented  by 
reference  to  the  various  maps  of  the  State.  For  the  northern  portion  ot 
the  State  many  additional  data,  that  have  never  been  published,  have 
been  obtained  from  Mr.  Gilbert  Thompson,  Mr.  Mark  B.  Kerr,  and  Mr. 
Eugene  Bicksecker,  of  the  United  States  Geological  Survey,  who  have 
worked  in  that  section  of  the  State  recently.  Dr.  W.  J.  Hoffman  and 
Mr.  I.  O.  Bussell  have  kindly  given  information  as  to  other  parts  of  the 
State. 

Mineral.iprings  of  Cal\fomia. 


Nftme  and  loeatios. 

1 

}25 

i 

1 

1 

1 

Character  of  the 
water. 

Remarks. 

AcUma   Sprfaiff,  2   mllM  from  Cobb's 
VaUey,  8  mtles  soath  of  Clear  Lake. 
Lake  Connty. 

£tna  Springa,  16  mUea  northeast  ftom 
Saint  Helena,  Kapa  Connty. 

In  north  end  of  Mono  Connty 

1 

2+ 

o 

Alkaline,     car- 
bonated. 

....do 

Resort. 

08-106 

Da 

Eijcbt  miles  northwest  of  Qninoy, 

Plnmaa  Connty. 
One  mUe  above  month  of  Spanish 

Creek,  Plnmas  County. 

Hlfteenmilea  southwest  of  Altnraa. 

Alkaline,     car- 
bonated. 
....do 

Modoc  County, 
l^^ear  Clear  Lake,  Lake  Connty 

Alabaster  Cave  Spring,  "El  Dorado  Co . . . 

Alameda  Warm  Springs,  Alameda  Co., 

near  San  Jos6. 
Allen  Springs,  near  head  of  CacheCreek, 

AJlen  Springs,  Lake  Co. 
Alum  Kock  Springs.  7  miles  northeast  of 

San  Jos6.  Santa  Clara  County. 
Anderson's  Springs,  Lake  Connty,  10 

miles  north  of  Caliatoga. 
AiniaCallente.  in  Coahuila  orCabeson 

S 
9 

50f 
85 

Alkaline,  saline, 
and  chalybeate. 
SaUne,  sulphu. 

Do. 
Resort  to   limited 

100.4 
80 

extent. 

Valley,  10  miles  south  of  White  River, 

San  Diego  Connty. 
Agua  Caliente,  30  miles  from  CaUente 

Station,  Kern  County. 
Arrowhead  Hot  Springs,!  near  San  Ber* 

Thermal 

8 

2+ 

liO-210 
250 

Probably  same  an 

San  Bernardinu. 

Used  commercially. 

Used  commercially 
and  as  a  resort. 

narditto,  San  Bernardino  County. 
Asnle  Mineral  Springs,  12  miles  west  of 

San  Jos6,  SanU  Clara  County. 
BarUett  Springs,  near  head  of  Cache 

Creek,  Bartlett  Springs,  Lake  County. 
Bear  Valley  Hot  Springs,  near  Bear 

Lake,  north  of  San  Bernardino  Peak, 

BerkeUy  or  Summit  Soda  Springs,  10 
miles  south  of  Summit  Station,  on 
Central  Paoiflo  Railroad.  Placer  Co.  f 

Bitter  Spring,  18  miles  north  of  Camp 
Cody,  San  Bernardino  County. 

Black  Lake,  1  mile  west  of  Benton, 

Cold.. 

Alkaline,  saline 

Alkaline 

Possibly   some  as 
Summit    Soda 
Springs. 

Alkaline  

Mono  County. 
Blanck's   (Mrs.   Lottie)   Hot  Sulphur 

Spring,  Colusa  County. 
BoiUng  Lake,  7  miles  south  of  Lassen's 

Peak,  Plumas  County. 
Boiliug  Springs,  east  side  of  Dry  Salt 

Lake,  west  side  of  Resting  Mountaina, 
Inyo  County. 
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Kame  and  IoomIoil 

1 

i 

1 

i 

1 

Character  of  the 
water. 

Remarks. 

Boaing  Salphar  Sprisffft,  noithwwt  of 
Long  Valley,  South  Branch  of  Owen's 
River,  Mono  Connty. 

Springs,  Lake  Coonty. 

0 

8 

Snlphnreted, 
chalybeate. 

TUtmrt 

1170  IS'  and  350  45^,  San  Bernardino  Co. 
Borax  Harsh  Springs,  8  miles  soatheost 
of  Hawley's  Station.  San  Bernardino 
Connty. 

near  Central  Padflo  Bailroad,   San 

Bernardino  Connty. 
Boyd's  Hot  Springs,  Snxprise  YaUey. 

on  east  aide  of  Qpper  ilkaU  Lake. 

Modoo  Connty. 
Branbeok's  Springs,  east  side  of  Honey 

Lake,  Lassen  Coonty. 

Byron  Spring,  1  mile  from  Byron  Sta- 
tion, Contra  Costa  County. 

California  Seltzer  Spring,    Mendocino 

Connty. 
CalistogaHotSprinrs,  CiHstoga.  0  miles 

south  of  Saint  Helr^na,  Napa  County.. 
Campbell's  Springs  (?).  Sierra  County  . . . 

...... 

. 

Boiling 

(Cold) 
]  to    S 
(  185  5 

}  ' 

(Saline,   snlphn- 
<    reted,  and  car- 
(    bonated. 

Alkaline,     car- 
bonated. 

Saline 

Do. 
Do 

20 

07 

Once  a  losoit. 

Campo Chalvbeatc  Spiiuj;    .... 

Carbonated  Sprioff.nonii  part  of  Siski- 
you County. on  Shov.  1  Cn*ck  Koad. 

Ci'Stolian  Mineral  Water  (Oweu's  Lakel) 
InyoCounry. 

poNi  le  Hock  Springs,  near  Mount  Shasta, 
Shasta  County. 

Two  niilipfi  from  Tnnri>  H^d  Mnnnt- 

33 

Cold.. 

Alkaline,     sul- 

phnreted. 
Sulphnreted.... 

Used  commercially 
and  as  a  resort 

ain,  Ti  hama  Connty. 
North weitt  of  Fort  Crook,  on  branch 

of  Bear  Creek,  near  head  of  FaUs 
River,  Shasta  Connty. 
Coal  Valley    Boiling   Springs.  8  mUes 

west  of  Canby,  Moduo  County. 

Cold  Soda  Lake  and  Hot  Springs,  head 

of  Mill  anil  Battle  Creeks,  south  of 

Lassen's  Peak,  Plumas  County. 

Cook's  Springs,  Indian  Valley,  ColnsaCo. 

Crvstal  ^rinsB  (?),  Napa  Connty    

aalphnreted,dMS. 

Crystal  Springs,  San  Mateo  Connty 

Alkaline 

San  Diego  Coonty. 
Desert  or  Cave  Spring,  Eem  Connty 

Unimproved. 

Borax  spring,  al- 
kaline. 
Snlphnreted... 

(Sulphnreted,  sa- 
<    line,  and  cha- 
(    lybeate. 

Dr.    Sonpan's    Hot    Sulphur    Spring, 
branch  of  BatUe  Creek,  at  head  oi 
road,  Plumas  County. 

El  Paso  de  Robles  Hot  and  Cold  Sol- 
phar  Springs,  San  Luis  Obispo  Ca 

Fresvo    Hot  Springs,  near  Warthaa, 

l» 

(110 

to 

(140 

^Resort 

Fresno  County. 
Fry's  Soda  Spring,  near  line  of  Shasta 

County,  Siskiyou  County. 
Fnlton  Wells,  3  miles  north  of  Nonralk 

52 

Alkaline,     car- 

2 

Sulphureted Do- 

Station,  Los  Angeles  Connty. 
Near  mouth  of  Willow  and  Warner 

I    Do. 

Creeks,  Plnmas  Connty. 
In  extreme  western  end  of  Long 
Valley,  on  South  Branch  of  Owen^ 
River,  Mono  Connty. 

On  Plnton  Creek,  northeast  part  of 



I 

(200) 
to  > 
210) 
812 

Saline,   anlphn- 

Sonoma  Connty. 

> 
80 

1,000 

reted,  &c.          )    . 

Alkaline Usedoommeniipr 

1     andssafSMii 
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Wm&rdl  $pr%n0$  of  CSg^fomia— Gontinaed. 


I 


Chmctet  of  the 

water. 


Gejwr  Soda  Spring,  Littoa's  Statton, 
Sonoma  Conntj.* 

Gflroj  Hot  Sprinn.  9  miles  northeaat 
of  Gilroy.  SanU  Clara  Coanly. 

Glen  Alpine  Mineral  Sprines,  near  Fall- 
iaf  Leaf  Lake,  aooth  of  Lake  Tahoe,  , 
El  Dorado  County.  j 

Gordon's  Spring,  Lake  CoonW i 

Grizsl7Ca&onSpilnga,eaatof  Clear  Lake, 
Lake  f  County.  | 

Harbin  Sprinffa,  Lake  Coonty,  20  mflea 
north  of  CaUotoga. 

Hatchin1iamaLake,4  mJlea  treat  of  Borax 
Lake,aont  beast  of  Clear  Lake,LakeCo. 

Henaiey's  Mineral  Springe,  Tehama  Co. . 

Hibbo's  Soda  Sprlnga,  82  milea  north  of 
Redding,  Shaato  County. 

Hlghlapd  Springs,  Highland  Springs, 
Lake  Coonty. 

HighRoek  Spring  9mileo  east  of  Honey 

Lake,  Lassen  Coonty. 
Hot  Borate  Spring,  near  Lakeport,  Lake 

Coonty. 
Hot  Mod  Springs,  on  ShoTol  Creek,  near 

the  State  line.  Siakiyon  County. 
Sot  tprinff§: 

Two  milea  north  of  Fort  Bidwell, 

Modoc  Coantv. 
In  Surprise  Vslley,  east  side  of  Mid- 
dle AlkaU  Lake,  opposite  Cedar- 

Tille,  Modoc  County. 
Three  miles  easl  of  Canby,  Modoo  Co. 
On  east  side  of  Middle  Alkali  Lake, 

7  miles  southeast  of  CedarviUe, 

Modoc  County. 
At  base  of  Warner  range,  south  end 

of  Lower  Alkali  Lake,  Modoc  Co. 
On  weot  side  of  Lower  AlkaU  Lake, 

Modoc  County. 
Between  Upper  and  Middle  Alkali 

Lakes,  Modoc  County. 
If ine  to  13  miles  northwest  of  Bridge- 
port, Mono  County. 
One  and  a  half  miles  southeast  of 

Bridgeport,  Mono  County. 

Near  &nton.  Mono  Connty 

In  Long  Valley,  5  miles  east  of  Gey- 
ser, Mono  Conntv. 
On  east  side  of  Hot  Spring  Core. 

Paoha  Island,  Mono  Lake;.  Mono  Co. 
In  Amador  Connty,  in  valley  west 

ofMarkleeville. 
Four  miles  south  of  Bear  Valley,  Co- 

Inaaa  County. 
On  east  ana  west  sides  of  Owen*s 

River,  In  valley  south  of  Bishop's 

Creek,  Inyo  County. 
Six  miles  west  of  Panamlnt,  Inyo  Co. 
On  Armagosa  Creek,  west  of  Dry 

Salt  Lake.  Inyo  County. 
Seven  miles  southwest  of  KemviUe 

sod  5  miles  northwest  of  Havllah, 

Kern  County. 
South  of  Rafael  Peak,  Ventura  Co. . . 


27 


m 


Used  commercially 
and  as  a  resort. 

Resort. 


Alkaline,     car- 
bonated. 


Snlphureted  — 


Five  miles  south  of  Santa  Barbara, 
Santa  Barbara  Connty. 

Head  of  Warner's  Creek,  southeast 
of  Lassen's  Peak,  Plumas  Connty. 

>  Probably  same  as  Geyser  Spa  Spring  in  list  of  analy • 


I" 


18,000 


m 


100 


Saline,   sulphu 
reted. 

Alkaline 


Chalybeate 


180 


188 


110 


105 

is! 


Alkaline,  saline. 
Snlphureted  . . . . 


\^ 


Da 


Da 


;  Monticello      Hot 
I     Springs,  f 


ler  Spa  Si 
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1 

1 

i 

! 

1 
1 

CharMterofliie 
water. 

Bmarka. 

Hot  MTifij?*— Continued. 

lioar  bead  of  Battle  Creek,  eoath  of 



o 
86 

Lake  Cafinn,  Plnmas  Coonty. 
In  Pluroaa  County 

bonated.f 

At  bend  of  San  Jaolnto  River,  Sn 

northwest  T>art  of  San  Dteffo  Ca 
Betve«n  Clear  Creek  and  Pitt  River, 

2 

. 

near  Big  Valley  or  Bieber,  Laaaen 
County. 

Ten  or  12  miles  northeaat  of  San 

Seven  milea  below  KeraviUe,  near 

Kem  River.  Kern  County. 
On  summit  of  Mount  Shasta,  Siaki- 

f  120> 

to 
(128  S 

127 

180 
Cold 

.... 

....do 

yon  County. 
Hough's  Spring.Hoogb  Springa.LakeCo. 

Howard  Spring  8  mflea  ttxm  Adams 
Spring.  Lake  County. 

Iron  Spring,   2  miles  north  of  Tom's 

Head  MonnUln.  Tehama  County. 
Lsne'n  Spring,  Stanislaus  County 

Resort 

\    Do. 
J 

UsedlooaUy. 

1" 

C  68  ) 

to 
(100  S 

Saline^    ohalyb- 
eatek&b. 

; 

Lane  Mineral  Springs,  Calaveras  Co.  . . 

Lns  Cruces  Hot  Snlphnr  Spring.  42  miles 

from  Santa  Barbara,  Santa  Barbara  Co. 

Little  Geysers,  3  or  4  mUes  below  the 

1 

500 

80 

riooj 

to 
(200) 

62 

Snlphnreted . . . 

Geysers,  Sonoma  County. 

Litton's  Seltzer  Spring,  Litton's  Station, 
n^ar  Healdsbiirg.  Souoma  County.. 

Little  Yosemite   Soda   Springs.  l^^oHb 
Fork  of  Kern  River,  Tulare  County. 

Lower  Soda  Spring,  in  Sacramento  Val* 

5  ■■ 

1 

20 

kaline.                   'od  as  ft  resort 
Carbonated  and  i 
^  chalybeate. 

ley,  opposite  month  of  Castle  Creek, 

SbaatA  County. 
Madrono  Mineral  Spring.  6  miles  north 

of  Gilroy  Hot  Spring8,^nta  Clara  Co. 
Magnetic  Springs,!  near  Wat«onville, 

Santa  Crux  County. 
Mark  West  Springs,  America,  on  Mark 

West  Creek,  Sonoma  County. 

Matilija  Hot  Springs,  6  miles  from  Nord 
hoff,  Ventura  County. 

Mineral  Spring  of  Grissly  Cafion,  Lake 

County,  near  Wilbur  Sprinss. 
McCarthy's   Hot   Springs,  near  I>ay's 
ranch,  northeast  of  Fort  Crook,  bhas- 
ta  County. 
MIUm's  Mineral  Springs,  1  mile  above 

Anderson's  Springs,  Lake  County. 
Mineral  tpringt: 

Twelve  miles  north  of  Wigglnsville, 

Siskiyou  County. 
On  east  slope  of  Mount  Shasta,  Sis- 
kiyou County. 
West  of  Butt«ville,  Siskiyou  County . 
On  mountain,  near  Silver  Lake,  Al- 
pine County. 
In  Salt  Spiinjr  Valley,  Calaveras  Co. 
Went  Shorn  of  Mono  I..a.ke,  Mnpn  Cn 

....do 

Resort 

Used  commercially 

Resort 

Do. 
Used  locally  as  a 

FOSOtt 

10 

00 

8.000+ 

C  35  J 
<   to   V 
(  100  ) 

Thermal,      ani- 
phnreted,  and 
chalybeate. 

Snlphnrated.... 

4 

170 

Saline,  snlphn- 

.  /.. .. 

Cold 

Cbalybeate 

Unimproved. 

• 

Cidcio 

On  Encino  rsnch,  Los  Angeles  Co  . . 

83  to  87 
02 

Alkaline,     oar- 

Three  miles  above  Mouth  of  Little 

bonated. 

Creek  Caflon,  San  Bernardino  Co. 
Mono  Basin  Warm  Springs,  nortbeast 

shore  of  Mono  Lake,  Mono  County. 
Mono  Lake,  Mono  County 

85io00'  SaUneu alkaline  . 

Strongly   miaeial- 
Local  reaort 

Mountain  Glen   Hot  Springs,  25  miles 
norUi  of  Santa  Barbara,  Suita  Barbara 

I 

r  60  1 
<  to 

(looS 

Sulphureted... 

County. 

s 
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Ifame  and  looation. 


Mud  springs: 

Fit  teen  milen  northeast  of  Honey 

Lake,  Lassen  County. 
On  Antelope  Creek,  10  miles  east  of 
Red  Bluff.  Tehama  County. 
Napa  Soda  Sprin{>ii,  7  miles  from  Kapa 

CUv,  KapaCoanty. 
Newsom's  ArroyoGrandeWarm  Springs, 
2  miles  fi-om  Arroyo  Grande,  San  Lais 
Obispo  County. 
Owen's  Lakr,  south  end  of  Owen's  Yal- 

lev.  Inyo  Connty. 
Pacific  Congress  Springs,  12  miles  west 

of  San  Jo86,  Santa  Clara  County. 
Paert's  Hot  Springs,  near  Benton,  Mono 

County. 
Paraino  Spring,  Paraiso  Springs,  7  miles 

ooothot  Soledad,  Monterey  Countv. 
Pe»rson*s  Springs,  1  mile  west  ot  wit< 

ter's  Spring.  Lake  County. 
Petrolenro  Spring,  west  shore  of  Hot 
Spring  Covf,  on  island  of  Paoha,  Mono 
Iiake.  Mono  Conntr. 
Piedmont   White  Snlphnr  Springs,  3 
miles  ih>m  Oakland,  Alameda  Connty. 
Salt  Lake,  east  of  Geyser,  in  Long  Val- 
ley, Mono  County. 
Saltnrings: 

North  of  Inyo  range,  east  of  Black 

Mountain.  Inyo  Connty. 
East  side  Panamlnt  Valley,  Inyo  Co. 
Sight  miles  sonih  of  bend  of  Fnr- 
naoe  Creek,  east  side  of  Death's 
Valley,  Inyo  County. 
Near  Armagoaa  Mines,  San  Bemar- 
diiio  County. 

'     On  Salt  Creek.  Tehama  Connty 

Northeast  of  Patteraon'a  Pass,  Ala- 
meda County. 
On  south  sideof  Mokelnmnd  River,  6 
miles  south  of  Silver  Lake,  Calav- 
eras County. 
Eighty  miles  ftom  Red  Bluff;  on 
Branch  of  Stony  Creek,  Trinity  Co . 
Salt  WeUs,  in  Salt  WelU  Valley,  be- 
tween Borax  Flats  and  Indian  Wells, 
San  Bernardino  County. 
San  Bernardino  Hot  Springs,  north  of 
San    Bernardino,     San     Bernardino 
County. 
San  Marcos  Sulphur  Springs,  7  miles 
northwest  of  Santa  Barbara,  Santa 
Barbara  Conn* y. 
San  Rafael  Springs,  San  Rafael,  Marin 

County. 
Santa  Biiarbaia  Hot  Snlphnr  Springs,  0 
miles  tram  Santa  Barbara,  in  Saniu 
Ynez  Mountains,  Santa  Barbara  Co. 
Saratoga  Spring,  south  end  of  Funeral 
Range,  souUi  of  Death  Valley,  Inyo 
County. 
Seigler  Springs,   near  Adams  Spring, 

I^ke  Connty. 
Shafer's   Hot    Springs,  north  end  of 

Henry  Lake,  Lassen  Connty. 
SImmons's  Hot  Sulphur  Springs.  Sulphur 
Ca&on,  near  Wilbur  Springs,  Colusa  Co. 

Skaggs's  Hot  SSprings,  6  or  8  miles  from 
GeyserviUe,  Sonoma  Connty. 

Soda  Lake  in  Saline  Flats,  on  Mojave 
River,  San  Bernardino  Connty. 

Soda  Pond,  north  of  Salt  Lake,  in  Long 
Valley,  Mono  County. 


I 


27 


8+ 


I. 
i 
I 


€ 

t 

a 


.  40 
49,0001  I   to 

1  ( io« ; 


i  10«  ) 


I 


50 


118 

Cold 

06 


Character  of  the 
water. 


Carbonated,  sa- 
line. 

Sulpbureted  ... 

Alkaline. 


Saline,  chalyb- 
eate. 


Saline 

Alkaline,     sul- 
phnreted. 


m 


m 


Calcic . 


\'< 


900 


210 
170 

m 


Sulphureted . 
Thermal 


Remarks. 


Used  oommercially 
and  as  a  resort. 

Resort 


Uded  commercially 
and  as  a  resort. 


Resort 
Small  resort 


Used  locally. 


Chalybeate '  Resort 


Sulphureted  . 
Carbonated . . 


(336) 


Has  a  local  reputa- 
tion. 

Used  commercij^lly 
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Digitized  by 


Google 


208  MINERAL   SPRINGS   OP   THE   UNITED   STATES. 

$ 

Mineral  9pring$  of  Ck^HforMa — Contixiiied. 


[BDU.I1 


Name  and  location. 

i 

1 

1 

Cbafacteroftha 
water. 

— 

Eight  mUea  below  Salt  Springs,  eaet 
aide  of  Death's  Valley.  Inyo  Co. 

Eight  mUes  east  of  Clear  Lake,  Lake 
Connty. 

On  Linkvillo  and  Yreka  Boad.  Sis- 

* 

o 

Alkaline,     e». 

bonated. 
....ao  

kiy on  Count  V. 

Siskiyou  Comity. 
Southwest  of  Yoloaao  Springs,  San 

Diego  Coonty. 
East  of  Volcano  Springs,  San  Diego 

Connty.    . 
At  Forks  of  MoClond  BiT«r.  Shasta 

Alkaline,     oar^ 
bonated. 

Connty. 
East  of  Lower  Soda  Springs,  on 

branch  of  HcClond  River.  Shasta 

County. 
On  Sacramento  Riyer,  Siskiyou  Co., 

near  feShasU  County  Unei 
Thnw  miles  nortthesst.  of  Little  Shaa- 

02 

.—do 

...  do 

ta,  Siskiyou  County. 
Nine  miles  west  of  Tuolumne  River, 
west  of  Mono  Pass,  Tnolumne  Co. 
Springs  of  Dos  Pahnas,  in  Coahuila  Val- 
ley, San  Die«o  County. 
Steamboat  Springs,  southeast  of  Las- 
sen's Peak,  Plumas  County. 
Stewart's  Hot  Springs,  in  Wann  Spring 
Valley.  Modoo  County. 

Four  miles  southwest  of  Tom's  Head 
Mountain,  Tehama  County. 

West  of  San  Fernando  Peak,  Ven- 
tura Co. 

Seven  or  eight  miles  east  of  Wat- 
sonville,  Santa  Crus  County. 

On  Brown's  Creek,  Shasta  County, 
southeast  of  Douglass  City. 

On  Soiich  Branch  of  West  Fork  of 

....do 

82 

^ffM_. 



Sacramento.  Shasta  County. 
Few  mUes  above  month  of  Castle 

* 

Creek,  Shasta  Connty. 

In  Black  Cafion,  8  miles  north  of  Can- 
by,  Modoo  County. 

Thirty  miles  south  of  Tulare  Lake 
and  1  mile  northwest  of  Buena 
VisU  Lake,  Keru  Connty. 

Eight  or  ten  miles  west  of  south  end 
of  Tulare  Lake,  Kern  Connty. 

On   south    side   of   San  Fernando 

« 

Saline 

Mountain,  Los  Angeles  Conuiy. 

Eight  mUes  north  of  Black  Butte, 
southern  part  of  Shasta  Valley,  Sis- 
kiyou Connty. 

Seven  miles  north  of  county  line, 
Monterey  Connty,  20  miles  from 
San  Miguel  Mission. 

In  Mohawk  Valley,  Plumas  County. . 

Near  Dry  Lake,  l5  miles  aorthwest 

of  Camp  Cody,  San  Bernardino  Co. 

Northeast  of  San  Luis  Mouutsins, 

San  Luis  Obispo  County. 

Mission,  San  Luis  Obispo  County. 
Six   miles  south   of   MoCormick's 

well,  in  Desert  Valley,  Inyo  Co. 
South  of  Restinir  SDrins.  Invo  Co  . . . 

Simunit  Soda  Springs,  near  Soda  Springs 

Station.  Alpine  Connty  (1). 
Tahoe  or  Cornelian  Springs,  on  Lake  Tar 

hoe,  near  Stote  line.  Placer  County. 
TassHjara  Hot  Springs,  head  of  Arroyo 

Seoo,  Monterey  County. 

Cold.. 

Alkaline,     oar- 
.   bonated. 

Not  open  Bsv. 

131 

Beaorl 

1 
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Vanendloortlon. 

1 

t 

1 

Tbennal  Add  SprlBga.  in  Coao  Bange, 
12  milM  eMt  of  Llt^  Owen's  IaEo. 
Injo  Coonty. 

fhtnneUaprimoi: 

gnn's  Bftnch,  PlnmMi  Coonij. 
On  Owen*s  Biver,  opposite  Black 

Rook,  Inyo  County. 
Keer  mines  of  Darwin,  Inyo  County 

Ten  miles  OMt  of  Telescope  Peak, 
Inyo  Coanty. 
Tolenss  Springs,  6  milesnorth  of  Soisnn 
City,  Solano  Coonty. 

Tab  Biver  Soda  Springs,  Soath  Fork  of 
Tnle  Biver.  east  of  Portersrille,  Tolaie 
County. 

Tosean  or  Lick  Sprinds,  0  or  10  miles 
iMrthesst  of  Bed^loS^Tehama  Co. 

Ukish  Yieby  Springs,  82  miles  from 
CloTerdale,  2  miles  ftom  Ukiah,  Men- 

10 

000+ 

85 

Alkaline,     car- 
bonated. 

....do 

and  as  a  ktoal  ra. 
sort. 

1  '+ 

C  M  ) 

to 
(  80 

!"! 

to   \ 
(  90  5 

"^.-"*''} 

Local  resort 
Beaort. 

docino  Connty. 
VaUitlo^J^hnr  Springs,  YsUi^o,  Sc 

Tichy  Sorings  of  New  Almaden,  Santa 

Prwdsoo.       ^ 

Soatheni  Padflo  BaUroad,  San  Diego 
Coonty..               ""™^            "* 

Near  k^  of  Walker's  Basin,  Kern 

Coonty. 
In  Warm  Spring  Valley,  10  miles 

west  of  Altaras,  ICodoo  Coonty. 
On  Mst  aidf)  Pit  Bi ver  on  Hot  Cnwk 

1 

J 

Alkaline,     car- 
bonatei 

Da. 

100 

•      • 

north  of  Boond  VaUey,  ICodoo  Co. 
Twelye  miles  soathwest  of  Camp 

Co&j,  San  Bernardino  County. 
Near  LittiB  Owen's  Lake 

1 

Alkaline 

Kine  miles  from  Amargosa  mines, 

Inyo  or  San  Bernardino  Connty. 
Soataweet  of  PittvUle.  Lassen  Co. . . 

W«nn  Solpbnr  Spring*,  near  Slmms 

Valley,  on  Posa  Creek,  Kem  Connty. 
Warner's   Bancb   Spring    (Agna   Cal- 

iente),  80  miles  from  San  Diego,  San 

Dlogo  Coonty. 
Watennan'a  Springs.  }  mile  west  of  Ar- 

rovhead,  San  Bernardino  County. 

y^hiu  ndphtir  tpringi : 

Id  Xapa  Valley.  2^  miles  sonth  of 
Saint  Helena,  ^apa  Connty. 

Two  miles  north  of  Plymouth,  Ama- 
dor Connty. 

At  edge  of  Panamint  Bangs,  12  miles 
north  of  Paniunint,  Inyo  County. 

In  Santa  Bosa.  Sonoma  Countv 

1,4001 

to   > 
(142  S 

Local  resort 
Prirale. 

}• 

C  00 
to  \ 
80.8> 

Basort 

In  Bear  G-ulch,  west  or  southwest 

^     of  Red  Bluff.  Tehama  County. 
Wilbar  Springs,  30  miles  from  Colusa, 

ColuBft  Coonty. 
"  ittftf'a  Springs.  5  miles  from  Upper 

Lake.  3  mileffrtmi  Blue  Lake,  tike 
^r^nty. 
Z<'m  Zem  Springs,  southeast  of  Clear 

Sulpbureted 

Sulphureted. 
chalybeate. 

Salinel 

Cold.. 
84 

tton. 

Uke.  Lake  Connty. 

Bull.  32 14 
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LbollU 


Analy$e8  of  mineral  Bprings  in  California, 


Consttttienta. 

Adamfi 
Spring. 

iBtna 
Springs. 

Castalian 
Mineral 
Water. 

(*.aUfoniia 
Seltaer 
Spring. 

Caliston 

Hot 
SpriiiKS. 

Sodinm  oarbonftte  .....a-T.-.^r 

Graifu 
per  gallon,* 
67.04 

OraiM 
per  gaUon> 
75 

Graine 
per  gatUm.' 
1, 724. 11 

per  gatton.* 

5i'26"* 

45.20 
7a  40 
Trace 

Oraim 
pergaXkn.* 

a4i 

TM'airn  Aninm  mkrlmTiAtA 

00.02 

28.71 

0.52 

14 
10 

Calcinm  carbonftte  ........^.^r 

Ijros  carbonate 

Sodlnm  snlobate 

08 

651.02 

PotaAftium  Hnli>hat€)  .......^..r 

1.61 

Mairn(^9Uim  ^iiiph^t^ 

e.47 

Sodiarn  sulobide 

46.34 

1, 840. 72 

132.30 

Sodiam  chloride 

411 

20 

17.20 

22.28 

PotOMiam  Chloride 

Calcium  chloride 

126 

Xiime 

Trace 
Trace 



M^wrnfleia  ••  .  .  .....  ....  ..^ 

A Kimina  ....»t  ...... T^r...r.. 

Trace 

Silica 

7.22 

Trace 

14.28 
Trace 
Trace 

Trace 

6.59 

Boraoic  acid 

Phosnhorioacid 

Niirioacld 

Trace 
Trace 

PotasBinm  .....            .  ....... 

Iodine 

Trace 
Trace 
Trace 
13.48 

B  romine 

Iron 

Oriranio  matter 

2.81 

Total 

100i48 

136 

4.422.25 

186.00 

37.  .^t 

Gaaet, 

Oubieinchet. 
304.00 

58 

Oubieinebii. 
Abundant    i 

Sulphoroted  hydrogen 

3.2T1 

Thermal 

Add  Springs, 

Coso 

Bange. 

Springs  of 
Dos  Palmas. 

£1  Paso  De  Boblea  Springs. 

Constitnente. 

Hot  Sulphur 
Spring. 

Mud  Spring. 

Fulton  Well*. 

Sodinni  carbf^n^tA r,.-.... 

PwrUin 
100,  OOO.r 

Parte  in 
100, 000.' 

Qroineper 
imp.gaUon.t 

Orttinever 
imp.gaUon.f 
6l21 

Oraim 

pergalhn. 

50.74 

2.30 

Mojinefiiam  carbonate 

S.10 

Magnosinm  bicarbonate 

0.92 

mS4» 

Calcin m  carlM>nato     

Trace 

Calciam  b1(*fk'i'bonate  ..  t  ......  r 

11  CO 

Iron  bubcarbonato 

13. 1*0 

15.1 

2.6 

15.3 

1.2 

127.0 

33.2 

7.85 
0.88 

4L11 
Trace 
17.90 

Potassium  salphate 

Calcium  salphate 

32.6 
31.0 

3.21 

'AlaGmewinro  svlnhate 

Aluminium  persalphate 

1  ton  pomnlphate 

Sodium  snlnhide.... 

a9o 

Sodium  chloride 

• 

230.8 

27.18 

96.48 

10.40 

Lithia  ...     . 

Trace 

1  rou  neroxide  ......      ....  . 

0.36 

A  mmonia 

Trace 

A  lumiDa 

0.22 
0.44 

Silica    - 

Trao43 
Trace 

1.11 

Phosphoric  acid - 

Trace 

Trace 

7A4 

Nitricacid 

Sulohnric  acid.... 

Sulphur 

23.01 

Chlorine 

Trace 

loclino  ..  ........   ...  ...... 

Trace 
Trace 

Bromine 

Manganese 

Trace 

Organic  matter 

1.64 



a  47 

Total 

Onsee. 
Carbonic  acid 

272.7 

294.4 

93.44 

168.38    1                 7&^ 

Oraint. 
10. 50 
4.55 

Qraine.      \ 

47. 84             Abuodut 

Sulphureted  hydrogen ' -- 

3.28     1         Alinndam 

■  Thomas  Price,  nnalyst. 
••  J.  A.  Bauer,  aiinlyst. 
''Thomas  Price,  analyst  (1880). 


*  F.  A.  Bowpr  (?),  analyst. 
•J.  F.  Rudolph,  analyst. 


'Oscar  Loew.  analyst  (1S76>- 
s  Price  and  Hewston,  analysis 
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Axole  Min- 
eral Springs. 

^^ISr 

Hot  Borate 
Springs. 

KapaSoda 
Springs. 

j^nftinm  nftrlMniAtA ............r-- ■,---, 

Graint 
50.88 

Orain$ 
ptrgtMon,* 

QrobM 
per  gallon,^ 

Graine 
per  gallon,' 

Sodium  bicftrbouKte 

28.48 

7&06 

18.12 

Ifflim Aiiinin  ftartwinafj^ .......,.,,. 

77.20 

26wI2 

MAffiiAAlnm  bicArbonAte 

0.80 
4.60 

aoo 

CslIci riTii  oArlMniAtA  ...... ,.««««^ft»»»r.«^«tt*r*«* 

0.00 

10.88 

Iron  c&rlioiiAte  .•.•.•••.•.••••..•••••••-••••• 

Iron  snbcarbonAto ,,.,.-.. ,-,--»--, ,-^ 

7.84 

A mmAninm  Mtf^ajrHoflttto  ......•...••-.«-«•-■■ 

107.76 

Sodium  rnilnhatOr  ,.»^,^.,-,^--^ 

8.40 

L84 

Caloinm  ffnlphate.... I........ -r 

Trace 
106.20- 
84.62 
Trace 

Sodlmn  bibmte     

Sod  Inm  chloride 

00.88 
12.44 

ia48 

0.00 

&20 

Hagnesinm  chloride 

Msffneffivm  iodide  ---.- .— ... 

0.00 

Traoe 

L26 

&28 

66.77 

86.87 

MuFneninm  bromide  -,.■.-■> 

Alnmlnft 

0.60 

Silica 

L80 

0.68 

Volatile  matter 

GarlKmlc  add .........^....^.....^ 

152.24 

Loss 

0.82 

2.48 

Total 

411.12 

57.12 

484.86 

68.76 

PaoiiLo 
Springs. 

Vichy 

springs  of 

Hew  lima. 

den. 

Litton*8 
Seltser 
Spring. 

Springs. 

Sod  inm  carbonate ...........*>...- 

Qradnt 
per  gallon,* 
128.85 

GroiniM 

eralm            Oraint 
pergatton.*     pergaUon.' 

Sodinm  bicarbonate  ........r... ,.,,.-..«. 

161.27 

Mafnieninm  carbonate  .............«....rr..- 

11.11 

CaJoiEim  csArbonftte          ..••.•...••..-••  •••••• 

17.20 

82.00 

2.20 

Tiithinfn  tf^ArlmnAtA      --. ... 

0.06 

Iron  carbonate  .............................. 

0.06 

Iron  bicarbonate. .-,.,,-- - 

14.08 

Barinm  carbonate 

0.24 

Strontinm  carbonatOr ^--r -, t 

0.02 

Sodiam  sulphate 

1114 



Potaaaimn  sulphate 

0.26 

Calcium  sulphate 

40.20 
12.00 

M^ameainm snlnhate  ........................ 

Socuam  biborate 

26b  47 

Sodinm  chlorid« ■,-,■, ^-r-^r -,»-- 

110.16 

32.16 

5.00 

Potassium  chloride 

0.20 

Sodinm  iodide 

Trace 

Soda 

62.10 
4.a 
5.24 
2.85 

Lime    

Magnesia 

Trace 

Iron  oxide 

Alnmina .     ...  ......................  ....... 

}          4^88^ 

0.01 

Silica 

2.02 
42.06 

2.86 
7&38 

7.02 

Carbonic  acid 

112.08 

SnlDhurio  acid 

Chlorine 

Iron 

4.08 

Organic  mattnr 

127.88 

Total 

336.86 

432. 64    1          99S.  An 

214. 81 

•Baner  or  Price,  analyst. 
^MoorOf  analyst. 
*L.  Lanzwurt,  analyst. 
'Baaer  (t),  analyst. 


(339) 


« Henry  G.  Hankii,  analyst. 
'E.  W.  Hilgard,  analyst. 
I  Potassa,  lithia,  ammonia,  alumina,  and  boraoio 
acid  included. 
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Hlghlmd  Springe. 

Little  Yo- 

semiteSoda 

Spring. 

IDnenl 

SdtMV 

Spring. 

Dvtdi 
Spring. 

^^, 

Sodium  carboniitft 

€hrain»p«r 

^8.87 

20.67 

84.76 

0.88 

Trace 

0.02 

Orttimptr 

40.06 
80.80 

0.68 
Trace 

0.06 

QrtBimper 

16l10 
41.63 
86.02 

0.42 
Trace 

0.78 

FarUin 
1       16L02 

Parfiin 
100.000.^ 

2iSl 

T^AffnAnlfiTn  Aftrbunfttfi          .  •  «... 

Caloinm  carbonate 

Sin 

PotamiQin  oarbonate. 

MangaQMO  carbonate  .r.r. ........ - 

Iron  oarbonate : 

0.92 

Trsce 
4.68 

Sodium  anlnbal^ .............'..... 

54.46 

Sodlam  chloride 

a72 
1.86 
6w24 

L68 
0.11 
7.12 

1.28 
0.17 
7.88 

193 

AInmina 

8ilica 

7.81 

1L50 

Phoephorio  add 

Trace 

Salpbo-liydrio  add 

Tnoe 

Potaseinm. ..< 

Tnoe 

Lithlom 

Trace 

Organic  matter. ..........r  ..r 

Trace 

Trace 

Trace 

Total 

73.12 

108.04 

101.70 

40.90 

125l37 

eat. 
Carbonic  add 

212.20 

184.80 

156.80 

Inexoeaa 

Inexow 

Constitaents. 

HonoLake. 

Hot  Spring 

onPaoha 

Island. 

IConoLake. 

Soda  Lake. 

Saline  Slats 

on  Mq)aTe 

River. 

Sulphur 

•<^^h%e 
ofSanFei^ 
nandoMi. 

MoaoBir 
dnWazs 
Springs. 

Sodinm  carbonate 

€ftam8 
perUter,* 
10.4000 

asooo 

Oramt 
parUter.* 
0.0606 

ParUin 
100,000.  k 

Part»in 

IOOlOOO.^ 

6.21 

Oram 
perUUr.' 
a5972 

Magneeinm  carbonate 

0.0164 
0.1086 
0.0780 

28.87 

0.2U4 

Calcium  carbonate 

0.6800 
10.0700 

0.147:^ 

Sodium  anlphato 

Calcium  sulphate 

68.1 

2L2 

&5 

a46n 

Mamieeium'snlphate 

Sodinm  biborate 

0.2000 

Sodium  silicate 

02489 

Sodium  chloride 

18.2200 
2.2300 

0.0104 
0.0160 

nas 

Trace 

0.2799 

Potassium  chloride- 

ft  1308 

Alumina  ... r ,.,-,,- 

Trace 
Ttmc 
Trace 
&00 
Trace 
Trace 
Trace 
Trace 
Trace 

O.0D1S 

Silica      

0.2800 

0.0178 

Trace 
Trace 

Pbosohoric  add 

Snlpho-hydrio  add 

Poteiwtinm 

Trace 
Trace 

Lithium 

Iron 

^^nganese 

Organic  matter 

18.0 

Loss 

a3200 

ft  015? 

Total 

61.8500 

0.2045 

282.6 

8S.68 

1«90 

Carbonic  add 

lne»».i 

. 

•  Prot  Bidng,  analyai. 


^Oscar  Loew,  analyst,  1876.        'T.  M.  ChstKd,  maaijtL 
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Santa  Barbara  Springe. 

San  Bernardino  Springs. 

No.  1,  main 
spring,  Hot 

Ka2,main 

Ko.l.  large 

spring  in 

front  of 

boteL 

No.  2,  spring 

200  yards 

west  of 

hotel. 

finfli^m  oarbonate 

Poitt  in 

100,000.* 

20.0 

Part$  in 

100.000.« 

24.8 

Port*  in 
100,000.- 

Partt  m 
100,000.- 

Maffnfwiiiin  carbonate 

Trace 
10.7 

Trace 
81.7 
2.3 
12.8 

Traces 

(^fticinm  oarb<»nat1^ 

11. 0 

Tr<»n  f^arbonate x. . xx. .**... a. -x.. 

Traces 

Sodiam  snlphate 

6wO 

Trace 

80.2 

Potassium  aniphato 

Trace 

.cuwiinin  ^hlmiite .           a    . 

8.7 
Trace 

4.2 
Trace 
Trace 
Trace 

7.6 
Trace 

6.0 
Trace 
Trace 
Trace 

13.4 

Potasaa 

Silica 

20.6 

22  4 

Carbonic  add 

Sulidio-hydric  add 

nAi;^i^inT , 

Total 

47.6 

8&4 

128.0 

127.0 

Capistrano, 
mabi  spring. 

Agna 

eaEeote 

ofCabeaon 

YaUey. 

Warm 

Little  ^ra^s 
Lake. 

UkiahYichy 
Springs. 

$^n<iiii«n  «arbcoat« 

100,000.« 
11. 10 

Pmrtt  4n 

ParU  in 

100,000.* 

4&2 

Trace 

12.0 

&0 

Chraim  per 
gaUon> 
187. 76 

22.64 

Calcium  carbonate 

17  86 

Sndi^n)  sulphate  ...X               .,.  .  .....xx.. 

Traoe 

Traoe 

Trace 

Pmaaflimn  sniphate 

Trace 

Sodiam  chloride 

laos 

8L0 

20LO 

27.61 

Potassium  cUorlde 

Trace 

Potaima. x^xa  x         .         x      .  x 

Traoe 
Trace 
Traoe 
Traoe 

Traoe 

Lime 

Traoe 
Trace 
Traoe 

ManiMilA XX  .  X  . X.. 

' 

LitQa 

Iron 

}           Traoe 

Alnn«inft . 

Silica 

7.00 

Trace 
Trace 
Traoe 

Trace 

6.86 

Solpho-hydilo  add 

or£iiio£lSp\r.::::..:::.:::::;:::;:::;:; 

Trace 

Total 

29l20 

80.8 

92L1 

272.61 

•Omw  Loeir,  aaalyat  (IWn^. 
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Analy$e8  of  miMral  epHngs  in  CaK/omta— Continned. 


[bull.  31 


Summit  Soda 
Spring. 

White  Solphnr  Springs,  Saint  HelcBa. 

Spring  Ko.  2. 

Spring  Na& 

Spring  Ko.  7. 

4.20 

Qr§.  per  gaU.^ 

Grt-perffoU.^ 

an.pergaiL^ 

•'^-ir-  T* —  rirtiniMrtu 

0.62 
L26 

0.66 
2.44 

4.36 

Cftl^nm  iftrlMFnftt« 

&56 

4S.20 

a26 

I           2.66 

21.72 
L32 
0.87 

11.83 

1.85 

28.41 
a86 
2.22 

12.84 

naiAipin  «ibhMff......  .    .  *-.x          .  . 

L62 

Ro^inm Ah1in14«  ....  .    X    .' 

2&22 

1428 

0L78 

6i66 

PotMMHI  .i. 

Trace 
1.76 
L76 
2.06 

Inmoxide 

Aiimiiiui, ,,,  ,  ,,.... 

SUica Himilll 

Total 

88.68 

86.60 

42.67 

40.04 

Gob. 
Snlphnreied  hydiogeB 

OtMeinthet. 
186.36 

6.15 

Oubieinehet. 
4.25 

Trace 

'  Paraiso 
Spring. 

Volcanic 
Springs. 

Tolenas 
Springs. 

Sharer's 
Hot  Springs. 

Gr9.p4rdalL* 

^•lfSi??f* 

10.88 

4&32 

0.64 

OrarngperUUrJ 

Ifagnesiam  oArbonate 

Calcium  owbmiato 

1.48 

Itqd  carlKmato  .  ^  ^  ^                       .    ^      « 

Sodium  milpbate 

35.60 
4.82 

661.02 

a  4715 

Caloiam  solphato 

Ql0409 

0L002O 

Bocfliim  bibora^ 

20.56 

Sodiun  ttlioate , 

0.0613 

46.84 

1,840.72 

182.80 

3.60 
0.86 

216.02 
6.68 
2.08 

0.3206 

PotBtfimn  chloride 

0.0180 

Lime .y!:?!.:::::::::::::::::::::::::: 

Trace 
Trace 
Trace 

ii'is' 

Trace 
Trace 
Trace 
Trace 
13.48 

MaftoecU 

2.62 
........... ... 

Iton  oxide '....II.!IM 

Alumina ., 

0.06 
L60 

Silica 

0.1008 

Phosphoric  add 

Iodine 

Bromine 

Organic  matter x**ux              .... 

SL26 

Total 

68.80 

4,422.26 

360.00 

1.0211 

.  •  J.  F.  Bnddpli,  aaalyat 
k  J.  Le  Center  Mudyrt  (ISTl). 


•  A.  Cihi,  analyst  (1871). 
<I>r.  Prioe^  analyst 

(342) 


«  John  HewBon,  Jr..  analyst. 
'  F.  W.  Clarke,  alnalyst  (1883). 
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OREGON. 

Oregon  is  well  Bnppliecl  with  valuable  mineral  springB,  both  hot  and 
cold.  The  thermal  springs  are  nnmeions,  and,  m  in  Nevada  and  Utah, 
are  fonnd  mainly  in  connection  with  faulted  strata.  Carbonated  springs 
are  also  frequently  found,  and,  with  alkaline  and  sulphureted  waters, 
comprehend  most  of  the  varieties  found  in  the  State.  Ghittenden's 
Health  and  Pleasure  Besorts  of  the  Pacific  Coast  for  1879  contains 
the  best  list  heretofore  published,  but  it  is  not  complete  for  the  present 
time.  The  present  list  has  been  made  up  mainly  from  reports  obtained 
directly  from  the  localities.  Various  maps  have  also  been  consulted, 
and  Mr.  Mark  B.  Kerr  and  Mr.  Eugene  Bicksecker  have  furnished  data  as 
to  springs  in  the  southern  counties  of  the  State.  A  considerable  num- 
ber of  the  springs  have  been  improved  and  are  utilized  as  resorts. 

Mineral  springs  of  Oregon, 


Kame  and  location. 

5 
^ 

i 

1 

1 

Charaoterofthe 
water. 

Remarks. 

A  nrora  Saline  SprlngR,  1)  miles  west  of 

Aurora  Milla.  Marion  Connty. 
Beiknnp  Hot  Springs,  near  McKinsie 

Bridge,  Lane  Connty. 
Cantpr'fl  Blue  Snlpbur  Springs,  Jordan 

Valley,  Baker  County,  west  of  SUrer 

City.  Idaho. 
Cole's  Soda  Springs,  3  miles  west  of 

Wliite  Point,  Jackson  County. 
Cooper's  Springs,  1  mile  east  of  Wilbur, 

2 

7 
8 

600 
1.200 

o 
07 

184 

200 

Calcic,  saline... 

Used  to  some  extent  as 

a  resort. 
Resort. 

Resort 

UnlmproTBd. 

Douglas  Connty. 
C alien's  Springs,  Yfim  Hill  County  .... 

Dcs  Chutes  Hot  Springe,  8  miles  north  t 
of  Waim  Spring.  Cfrook  Connty.      > 

Foley  Springs,  near  McKinzie  Bridge, 

Lane  Connty. 
Eotgpringt: 

Near  LakevieTr,  Lake  County 

J  to> 

(145) 

188 

Alkaline,  saline. 

d)a 

.... 

Besort 

On    MaJheur   River,  near  mouth, 

1+ ....:::.! 

in 

168 

Baker  County. 
At  bstte  of  Sfein  IfovintAintt,  Grant 

County. 
At  north  end  of  QninnBlver  Valley, 

Baker  Connty. 
On  northwest  side  of  Goose  Lake, 

Lake-County. 
In  Warner  Lakes  Valley,  Orant  Co. 

Four  miles   south  of 'liakeTiew, 

Loealnsort 

On  Cbe^^eniA-n'ir  Bunch.  \  mile  north 

Da 

of  Lakeview,  Lake  County. 
Kitson's  Springs,  I)ezter.  Lane  Connty. 
Llnkvllle  Springs,  near  LinkvUle,  Kla- 

4+ 

Hot 

One  is  improved;  need 

math  County."^ 
Lower  Soda  Spring,  south  fork  of  San- 

Alkaline,     oar- 
bonated. 

as  a  resort. 
Resort 

tiam  Hirer,  Linn  County. 
If  albenr  River  Springs,  branch  of  MaL 

heur  River,  Baiter  County. 
HoCalister's  Soda  Springs,  87'  miles 

east  of  Jacksonville,  Jackson  County. 
MiTieralipring*: 

Twelve  miles  east  of  Jacksonville, 

.... 

00 

tTsed  oommercially  and 

as  a  resort 

Jaokaon  Connty. 
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Mineral  9pring$  of  Oregim — Continued. 


[bullSL 


NMMMidloefttlon. 

1 

1 

1 

Charaoterofthe 
water. 

_ 

On  WMt  l^ork  of  BeATer  Creek. 

2 

o 

Chalybeate  and 
carbonated. 

Unimproved. 

JaokMB  CmiatT. 
Three  mllee  south  of  Anion  Mills, 

litfton  County. 
In  WillMnetto  Valley.  50  miles  aboye 

2 

1 

Beeori. 

Sngene  City,  Lsno  County. 
On  Blue  Monntsins,  near  John  Bay, 

120 

DOl 

Grant  County.     ' 
Six  miles  southeast  of   Astoria, 

ChiSybeate 

Alkaline 

....do 

Clatsop  County. 
In  Sam's  Valley,  Jackson  County . . 

On  W.  Allen's  ham,  near  Esst  Port* 

iaad.  Mttltnomsh' County. 
Payton  or  Snowden  Hineral  Sprfaic,  2 
miles  south  of  Drain's  Station,  Doug, 
las  County. 
Sodatj^Hnat: 

Near  JaoksouTille,  Jackson  Co 

1 

225 

97 

asaresorl 
Dow 

At  Waterloo  FaUs,  8  mUes  ahove 

SodaTllle,  LinnCounty. 
Six  miles  fWmi  Ashland,  Jackson  Co. 

At  Brownsborooffh,  Jsckson  Co .  ^ . . 

On  liobdla  Birefi  Clackamas  Co . . . 

SodaTllle  Spring,  Sodavllle.  Linn  Co  .. . 
Solfataire,  near  JLinkTille,  Klamath  Co. 

1 

16 

M 

Carbonated 

Free  resort 

Used  for  vapor  hatha. 

Unimproved. 
Dow 

At  Sulphhr  Springs,  on  Smith's 
Fork  pf  TJmpqua  RiTer,  Douglas 
Coun^. 

One  mile  above  Sulphur  Springs 

Douglas  County. 
Upper  Soda  Springs.  Santiam  Biver, 
10  miles  shore  Lower  Soda  Springs, 
Linn  County. 
Wmrmaprinffa: 

Northeast  of  SummorriUe,  Union 

County. 
West  or  Malheur  Lake,  Great  Co . . 

In  Summit  Lake  Valley.  Lake  Co. . . 

Rook  Creek.  25  miles  northeast  of 
Salem. 
White  Sulphur  Springs,  head  of  Clack- 

7 

700+ 

» 

Alkaline 

Used  oommerelaDy  sod 
asarasorfc. 

DrawTVaDey,  Lake  Oouity. 
Od  Lesi  BiTer.  west  of  Bonaua, 

Lak*Oeiia^.                «»u««S 
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Constitaentg. 

Bes  Chutes 
Hot  Springs. 

Wllholt's 

Soda 
Springs. 

Aurora 
Saline 
Springs. 

Foley 
Springs. 

Sodlam  earlxmate 

**"«* 

85.32 

32. 23 

&00 

8.40 

6.45 

Grt.pergaU.^ 



Trace 

Or$.  per  gall* 

Magnefdam  carbonate 

Calcium  carbonate 

Iron  protoxide  carbonate 

Rodinm  flnlphate .     . 

».46 



1 

Magnesinnr  sulphate 

Caloimn  anlphate 

1.82 
20.42 
2.00 
1.21 
&20 
Ttace 

Sodlnm  chloride 

Potaesium  chloride 

201.00 

856.00 

75.00 

Magneaiani  chloride 

19.87 

Sodium  ailicate 

Iron 

Iodine 

Trace 

Calcium  chloride 1  ... 

474. 13 

Trace 

10.61 

1.01 

90.00 

Iron  carbonate ! 

SiUca 



Organic  matter ' 



21.00 

Total 

77.61 

421.97 

861.62 

186.00 

Oat. 
Of^rbonio  acid . .    . 

22.56 

OubUs  ineheit. 
3.3844 

Oubicinehee. 

CkUrieinehet. 

Constitoents. 

Kitson's  Springs.                                        p.vt^„ 
1     Cooi>cr'«           ^^ 

Cold  Spring.   Hot  Spring.  '       ^'^°'^'      j      ^P^^' 

Magnesium  sulphate  ....  . 

Or$.pergaU.*  Or$.  per  gaU^^  Ort.  pergaU*  ^  Ort.  pergaU* 
180.00               208.00                128.00    ,               irj.OO 

Caioium  sulphate 

Sodium  chloride 

Magnesium  chloride 

!               145.00 

Calcium  chloride 

4&00                 64.00               190.00    '               115.00 

Iron  carbonate 

! 1               162.00 

Undetermined  matter 

.     .        .|             42.00    1            '•34.00      

Total 

2S6L00     1            314.00    i            352.00    I               435.00 

•  L.  N.  Dombach  and  E.  N.  Hors-  *  R  G.  Rex,  analyst. 

ford,  analysts.  •  Philip  Harvey,  analyst  (1876). 

^  J.  A.  Veatcb,  analyst  (1860).  t  With  insoluble  matter. 

*  J.  H.  £eU,  analyst  (1870). 


I  With  calcium,  carbonate  and 

loss. 
^  With  magnesia,  alumina,  and 

siUca. 


WASJHNGTON. 

The  list  of  mineral  springs  for  Washington  Territory  is  as  yet  small, 
and,  80  far  as  known,  this  is  the  first  attempt  to  enumerate  them. 
Walton  mentions  but  one  locality,  viz,  Medical  Lake,  which  is  at 
present  the  only  one  at  which  the  water  is  put  np  for  sale.  The  water 
is  condensed  and  bottled  and  the  evaporated  salta  are  also  put  np  in 
packages,  which  are  extensively  sold.  There  is  but  one  other  locality 
in  the  Territory  used  as  a  resort.  As  the  country  becomes  more  folly 
settled  there  will  doubtless  be  other  localities  improved  and  many  new 
ones  added  to  the  table. 

The  present  list  has  been  compiled  partly  from  maps  and  partly  from 
letters  received  from  various  portions  of  the  Territory. 
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Hmeral  springs  of  WMhingUm  Territory, 


[bull  Si 


Name  ftnd  location. 

1 
1 

Flow  In  gallons  per 
hoar. 

1 

i 

1 

Character  of  the 
water. 

tUmnka. 

Alkalino  SpriDfEs,  in  Grab  Croek  Cou- 
lee, Spokane  County. 

Brackelt  Spring,  Bflmonda,  Snohom- 
ish Coanty. 

CasciMle  Warm  Mineral  Springs,  Gas- 
cades,  Skamania  Coanty. 

ChftlyVatA  Kpriiigi»,  CJalfam  County 

O 

1 

4 

65 

160 

67 

Bewrt 

Saline,  sulpha- 

Denny  Sprinss.  Kinir  County .". . . 

1.640 

48 

Saline  

UnimpToyed. 

Hot  springt : 

On  Green  Biver,  west  slojpeof  Gas- 
cade  Moautains,  50  miJes  north 
from  Seattle,  King  Coanty. 
Medical    Lake,   Medical    Lake.  Spo- 
kane Coanty. 
Pinkham  Minoial  SnrinGT  or  Well,  Lake 
Union,  near  Seattle,  King  County. 
Snlino  Spring.^  east  end  of  Rattlesnake 

Mountains,  Yakima  Coanty. 
Salt  and  alkaline  lakes: 

North  of  Saddle  Mountain,  Spo- 

kane  County. 
North  of  Fort  Okinakane,  Stevens 

60 

Alkaline,  saline. 
Calcic 

as  a  resort 

County. 
Soda  Spriuff,  near  Goldendale,  Kliki- 

Unimproved  anddilBeiilt 
ofacoess. 

tat  Countv. 
Snlphur  Lake,  east  of  Palonse  Junc- 

' 

tion,  Whitnjan  County. 
Sulphur  SprinfT,  southeastern  part  of 

Garfitdd  County. 
Thermal  Wells,  Ainsworth.  Whitman 

60 

Coanty. 

Analysis  of  mineral  spring  in  Washington  Territory. 


Constitaente. 


Sodium  carbonate 

Lithium  carbonate 

Magnesium  carbonate 

Iron  carbonate ^.. 

Calcium  carbonate •. 

Sodin m  chlorldo 

Potaaaium  chloride 

Alumina  oxide 

.Sodium  metttsilicate 

Potassium  sulphate 1 

^udium  diborate 

Organic  matter ^ 

Total _ 

-G.  A.  Mariner,  analyst  (1882). 


ALASKA. 

According  to  Dr.  William  H.  Dall  (from  whose  Alaska  and  Its  Re- 
sources the  list  given  here  is  mainly  compiled),  the  hot  and  mineral 
springs  of  Alaska  are  both  numerous  and  important.  Besides  the  bot 
springs  there  are  many  which  do  not  freeze  even  during  the  most  severe 
winter  weather,  and  which,  therefore,  are  properly  included  under  tlie 
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bead  of  thennal  springs.  Hot  springs  are  most  nnmerons  on  the  list, 
which  may  be  dne  partly  to  the  fact  that  such  springs  naturally  attract 
most  attention,  especially  in  a  new  country.  Chalybeate,  sulphureted, 
and  saline  springs  are  also  found.  The  springs  enumerated  by  Dall  are 
supplemented  in  the  table  by  several  others,  two  of  which  are  taken 
from  a  book  by  Frederick  Whymper,  one  from  the  Pacific  Coast  Pilot 
for  1869,  and  two  from  Walton's  Mineral  Springs,  in  which  they  are 
reported  by  Dr.  H.  J.  Phillips,  of  the  United  States  Army.  Several 
localities  have  been  added  by  Sheldon  Jackson.  So  far  as  learned,  none 
of  the  waters  of  the  Alaskan  mineral  springs  has  ever  been  analyzed. 

Mineral  springs  of  AUuha, 


Name  asu\  location. 


Character  of  the 
water. 


Bemarks. 


Boiling  sprlnRB  on  northeast  side  of  Akntan  Islaaid  . 
Boiling  springs  on  KAnaga  Island 


Saline?. 


Boiling mnd  springe  on  Koni  volcano.  Atka  Taland. . . 
Chalybeate  spring,  ^  milo  from  Sitka,  Baranoif  Island. 
Chal.vbeate  aprinc  on  vfe^t  bank  of  Chilkat  Kiver, 

on  the  mainlaniV. 
Geysers,  or  warm  sulphnr  springs,  Sitka  ISound,  15  or 

20  miles  fhim  BaraiioffleOfind. 


Hot  springs,  5  miles  fW»m  Koromi  Bay,  Aka  Island  .. 

Hot  springs  between  Korovni  and  Klnoheff  volca- 
noes, Atka  Inland. 

Hot  springs  on  Adakh  Island  

Hot  springs  in  Parenosa  Bay,  on  sonth  coast  of 
Aliaeka  Peninsala. 

Hot  springs  in  Port  MoUer.  north  side  of  Aliaska 
Penmsnla. 

Hot  spring  in  crater  of  Croreloi,  Ooreloi  Island 

Hot  springs  on  Amagat  Island,  near  Aliaska  Penin- 
sula. 

Hot  Springs  on  a  small  island  sontheast  of  Akhtin  . . . 

Hot  Springs  oi\  Chichagoff  Island,  east  of  Siwash 
passage. 

Hot  marshes  near  PogrHmnoi  volcano,  Unimak  Island 

Hot  springs  on  Stildne  River,  25  miles  above  its 
month. 

Hot  aprlngson  Sitlgnak  Island 

Hot  springs  on  Segoaam?  Island 

Hot  springs  opposite  Illnlnk  or  Captain's  Harbor,  on 
Unalaska  Island. 

Hot  springs  near  Haknshln  Mountain,  Unalaska 
Island. 

Hot  Springs  near  Deep  Bay,  Unimak  Island 


Salphnreted.... 


453) 


167 


SaUno  and  snl- 
phareted. 


Salinef. 


Used  by  Alents  from 
time  immemorial  for 
cooking  purposes. 


Was  used  as  the  site 
of  hospital  by  the 
Russians,  ana  the 
springs  were  used 
extensively. 


Used   by  Aleuts  Ibr 
bathing. 


94 


Sulphureted  . 


212 


intermittent  boiling  springs,  in  a  snuJl  valley  of 

Unimak  Island. 
Saline  lake  on  Beaver  Island  in  the  Pribyloff  Group. . 

Sulphur  lake  on  UiUmak  Island 

Warm  sprfaigs  on  Una|aklik  River,  near  Ultikuk 


84 


Salinef. 


Warm  sptings  between  Versola  Sofke  and  Youkon 
River. 


Used  for  bathfaig  by 
the  Aleuts. 


The  temperature  of  the 
air  was  —9P  Fahr. 


•This  is  the  y^^y^^^^^L^ 
Phillips,  in  Walton^s  book,  j 


-iven  in  the  Coast  Pilot, 
fves  960  F.  to  104°  F. 


Ball  gives  a  temperature  of  12I2P  F..  and  Dr. 
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RECAPITULATION. 


[liULI*  32. 


The  totals  in  the  following  table  are  somewhat  greater  than  those 
given  in  the  sammary  on  page  986  of  Williams's  Mineral  Resources  of 
the  United  States,  1883-^84,  as  additional  data  have  been  received  since 
the  pnblication  of  that  report. 


SUtea. 

Number  of 
spring  lo- 
ealitlM. 

Nnmber  of 
individnal 
springs. 

Nnnber  of 

Number  of 
springs 
ntilised 
as  resorts. 

Number  of 
springs 
used  com* 
mercially. 

Total  nnm- 
ber    of 
analyses. 

Sonthern  Atluitio  States  . . . 

Xorthern  Central  States .... 
Western  States  and  Terri. 
torios. 

405 
871 
721 
601 

7^ 

857 
1,048 
1,011 
1,276 
8.051 

156 
148 
137 
215 

182 

74 
152 
174 
122 
112 

72 
42 
36 
55 

18 

187 
164 
146 
224 

138 

Grand  total 

2.823 

8.843 

787 

684 

228 

8S0 
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Abenaqnis  Springs,  N.  H.,  17. 

Aberdeen  Artesian  Well,  Dak.,  160,  161. 

Abita  Spring,  La..  124. 

Academy  Spring,  Tenn.    8m  Gibson's  Spring. 

Acid  Spring,  Monit>eCo.,  Iowa,  161. 

Adams  Gonnty  Mineral  Spring.  Ohio,  131. 

Adams  Springs.    See  Rocheport  Solphor  Springs. 

Adams  Springs,  Old.,  203, 210. 

A.dams  White  Sulphur  Springs,  Fa.,  44. 

AddisoD  Mineral  Spring,  Me.,  14, 16. 

Addison  Ridge  Chalybeate  Springs,  Pa.,  44. 

Adirondack  Mineral  Springs,  N.  Y.,  27,32. 

iBtna  Springs,  Cal.,  203. 210. 

AgiiaCaliente,  Aris.,  196. 

Agna  Caliente,  Cal.    See  Warner's  Ranch  Spring. 

Agna  Caliente,  Cal.,  208, 213. 

Agoa  Caliente,  Colo.,  188. 

Agna  Chalybeate  Springs,  Ind.,  185. 

Agna  Sal  Creek,  Ariz.,  196. 

Alabama,  mineral  springs  of,  8S-94. 

Alabaster  Care  Spring,  Cal.,  203. 

Alameda  Warm  Springs,  Cal.,  208. 

Alaska,  mineral  Springs  of,  218, 219. 

Albany  Artesian  Well,  N.  Y..  27, 32. 

Albert's  Solphar  Springs,  Ind.,  135. 

Albnrgh  Springs,  Vt,  19,20. 

Alcyone  Mineral  Springs,  Dl.,  142, 144. 

Alhambra  Springs,  Mont.,  178. 

Alkali  Lakes,  Wyo.,  188. 

Alkaline  Springs,  Wash.  Ter.,  218. 

Alkali  Springs,  Aris.,  196. 

AlkaU  Springs,  Colo.,  188. 

Allandale  Springs,  Mass.,  22, 23. 

Allan's  Mineral  Springs,  Mont.,  178. 

Alleghany  Springs,  Tenn..  08. 

Alleghany  Springs,  Va.,  55, 58. 

Alien  Springs,  Cal.,  203. 

Allen  Springs,  Ky.,  107. 

Allen's  Spring,  Ner.,  198. 

All  HeaUng  Springs,  K.  C,  74. 

Alma  Salt  Well,  Kans.,  172. 

Alpena  Magnetic  Well,  Mich.,  145, 147. 

Alam  and  Chalybeate  Springs,  Tenn.,  98. 

Alum  Bock  Spring,  Cal.,  203. 

Alom  Rock  Spring,  Pa.,  44. 

Alom  Spring,  Ark.,  119. 

Alom  Spring,  Mont.,  178. 

Alnm  Spring,  Nov.,  196. 

Alum  Spring,  Onslow  Co.,  N.  C,  74, 77. 

Alnm  Spring,  Rutherford  Co.,  K.  C,  74. 

Alom  Spring,  W.  Va.,  69. 


Alnm  Springs,  Colo.,  188. 

Alum  Springs,  Bojle  Co.,  Ky.,  107. 

Alum  Springs,  Lewis  Co.,  Ky.,  107. 

A^nm  Springs,  Texas,  125. 

Alum  Springs  of  Rockbridge  Co.,  Ta.,  66. 

Alum  Well,  Milford,  Mo.,  164, 168. 

Alum  Well,  Tenn.,  98. 

Alnm  Well,  Va.,  55. 

Ambler's  Mineral  Spring,  S.  C,  79. 

Amelia  Springs,  Va.,  55. 

American  Chalybeate  Spring,  Me.,  14, 16. 

Amherst  Mineral    Spring,   N.   H.      See    Pine 

Oroye  Mineral  Spring. 
Amherst  Soda  Spring,  N.  fl.,  17.    ' 
Anchosa  Spring,  Miss.,  95. 
Anderson  Mound  Springs,  Ind.,  186^  138. 
Anderson  Spring,  Ind.,  135. 
Anderson's  Springs,  CaL,  203. 
Angler's  Mineral  Springs,  6a.,  81, 83. 
Annapolis  Sulphur  Spring,  Ohio,  131. 
Antelope  Springs,  Colo.,  188. 
Apache  T^o  Warm  Springs,  New  Mex.,  194. 
Apollis   Spring   (Saratoga),    K.   Y.     See  High 

Rock  Springs. 
Aqua  Caliente,  New  Mex.,  194. 
Arctic  Sprhigs,  Wis.,  161, 153. 
Arizona,  rameral  springs  of,  196, 197.  - 

Arkansas,  mineral  springs  of;  118-122. 
Arlington  Springs,  Mo.,  164. 
Armstrong  Spring,  Ark.,  119. 
Arnica  Springs,  Mo.,  164. 
Arrington  Mineral  Springs,  Kans.,  172, 174. 
Arrowhead  Hot  Springs,  CaL,  203. 
Artesian  Lithia  Spring  (Ballston),  N.  Y.,  27, 33. 
Artesian  Magnetic  Mineral  Spring,  Colo.,  188. 
Artesian  Springs,  Miss..  95. 
Artesian  Sulphur  Wells,  Oak  Harbor,  Ohio,  131. 
Artesian  Well.  Pueblo,  Colo.,l88. 
Artesian  Well,  Clark  Centre,  Dak.,  160, 161. 
Artesian  Well.  Saint  Lawrence,  Dak.,  160, 161. 
Artesian  Well,  lUinois  City,  IlL,  142. 
Artesian  Well,  Rensselaer,  Ind.,  185. 
Artesian  Well,  Parmington,  Iowa,  161, 162. 
Artesian  Well,  Harper's  Ferry,  Iowa,  161, 168. 
Artesian  WeD,  near  DaTonport,  Iowa,  161, 163. 
Artesian  Well,  Aberdeen,  Miss.,  95. 
Artesian  Well,  Lincoln,  Neb.,  171. 
Artesian  Well,  Tenn.,  98. 
Artesian  Well  (sulphur),  Tenn.,  98. 
Artesian  Wells,  Charleston,  8.  C,  79, 80. 
Athmta  Mineral  Spring,  Ga.,  81, 83. 
Auburn  Mineral  Spring.  Me.,  14. 
Auburn  Spring,  N.  Y.,  27, 82. 
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Augaatft  Springa,  Va.    ^Sm  Stribllog  Springs. 
Aurora  Higblands  Spring,  W.  Yh.,  OS. 
Aurora  Saline  Springs,  Oreg.,  215, 217. 
Aurora  Springs,  Ma,  164, 168. 
Austin's  Springs,  Tenn.,  98, 103. 
Avooa  Mineral  Spring,  Ind.,  135. 
Avooa  Spring,  Tenn.,  08. 
Avon  Sulphur  Springs,  K.  Y.,  27, 32. 
.  Azalia  Mineial  Springs,  Ind.,  135. 
Asteo  Spring,  N.  Mex.,  194, 193. 
Aznle  Mineral  Springs,  Gal.,  203, 211. 


Bailey,  E.  H.  S.,  on  mineral  springsof  £ans.,  171. 

Bailey  Springs,  Ala.,  89. 

Baker's  Spring,  Ark.,  119. 

Bald  Hin  Spring,  Conn.,  25. 

Ballston  Spa  Springs,  N.  Y.,  27,  83. 

Bankstoo  Springs,  Miss.    See  Mississippi  Springs. 

Banner's  Springs,  Tenn.,  98. 

Barger's  Springs,  West  Va.,  69. 

Barksdale  Spring,  Tex.,  126. 

Barlow's  'Thermsl  Well,  Ind.,  135. 

Barnes's  Spring,  Wis.,  151. 

Barre  Mineral  Spring,  Vt..  19. 

Barren  Creek.  Springs,  Md.,  52 

Bartlett  Springs,  CaL,  203. 

Barton  Sulphur  Spring,  N.  Y.,  27,  34. 

Bath  Alum  Springs,  Va.,  55,  58. 

Bath  Chalybeate  Springs,  Pa.,  44. 

Bath  Springs,  Tenn.,  98. 

Bauguss  Mineral  Springs,  Tex.,  125. 

Baxter  Me<lioal  Springs,  Kans.,  172, 173. 

Beach ville  Springs,  Ky.,  107. 

Beall  Spring,  Ga.,  81. 

Beardsley  Iron  Springs,  Vt,  19. 

Bear  Biver  Hot  Springs,  Utah.    See  U  tab  Springs. 

Bear  River  Soda  Springs,  Idaho,  182. 

Bear  Valley  Hot  Springs,  Cal.,  203. 

Beaver  Dam  Springs,  Tenn.,  98. 

Becker,  G.  F.,  on  mineral  springs  of  Idaho,  181. 

Beck's  Hot  Springs,  Utah,  185. 

Bedford  Alum  and  Iron  Springs,  Va.,  56,  59. 

Be<lford  Springs,  Ky.,  107. 

Bedford  Springs,  Pa.,  44, 46. 

Bedford  Warm  Springs,  Mont.,  178. 

Boersheba  Springs,  Tenn..  98. 

Belcher's  Artesian  Well,  Mo.,  164,  170. 

Belinda  Springs,  Md.,  52. 

Belknap  Hot  Spiiiigs,  Oreg.,  216. 

Bell  brook  Magnetic  Spring,  Ohio,  131,  134. 

Belle  Cheney  Springs,  La..  124. 

Bella  Mineral  Wells,  Tex.,  125. 

Bell  Spring,  N.  C,  74. 

Belmont  Springs,  Miss.,  93. 

Benham's  Carbureted  Saline  Well,  Ind.,  135, 138. 

Bennington  Thermal  Spring,  Vt,  19. 

Benson's  Salt  Spring,  Fla.,  86, 87. 

Beutley  Springs,  Md.,  52, 53. 

Berkeley  or  Summit  Soda  Springs,  Cal.,  203. 

Berkeley  Springs,  W.  Va.,  60, 71. 

Berkshire  Mineral  Springs,  Vt,  19. 

Berkshire  Soda  Spring,  Mass,,  22. 

lieruard  Sulphur  Springs,  Tex.,  123, 

Iterrinn  Springs,  Mich.,  145, 

JJethol  Spring,  Me..  14. 


Betheada  Spring,  Ga.,  81. 

Bethesda  Spring,  Wis.,  151, 158. 

Bethesda  Springs,  Mo.,  164. 

Bethlehem  Spring,  Mass.,  22, 23w 

Bevy  Springs,  Md.,  52. 

Big  Bone  Lick  Springs,  Ky.,  .107. 

Big  Hole  Hot  Spring,  Mont,  178. 

Big  Lick  Springs,  Ky.,  107. 

Big  Mineral  Spring.  Rosenkrans  Park,  Iowa,  18L 

Big  Salt  Springs.  Mo.,  164. 

Big  Stone  Lake,  Minn.,  158,  ISO. 

Bingham  Spring,  Md.,  52. 

Birohdale  Springs,  K.  H.,  17, 18. 

Bishop's  Well,  42, 43. 

Bitter  Artesian  Well,  Ohio,  131. 

Bitter  Spring,  Ariz.,  196. 

Bitter  Spring,  San  Bernardino  Co.,  CaL,  208. 

Bitter  Springs,  Kev.,  108. 

Bitter  Well,  Crawford  Co.,  Ohio,  131. 

Bitter  Well,  Hancock  Co.,  Ohio,  131. 

Black  Barren  Spring,  Pa.,  44,46. 

Black  Earth  Mineral  Springs,  Wis.,  151, 113. 

BUck  Lake,  Cal.,  203. 

Black  Hock  Springs,  Va.,  55. 

Black  Sulphur  Springs,  Ark.,  119.      . 

BhMsk  Sulphur  Springs,  Tenn.,  98. 

Bbick  Water  Springs,  Tenn.,  9& 

Black  Wells,  Miss.,  95. 

Blackwell's  White  Sulphur  Springs,  N.  C,  74. 

Bladon  Springs,  Ala.,  89, 92. 

Blanchard  Springs,  Ark.,  119. 

Bknck's  (Mra.  Lottie)  Hot  Sulphur  Spring.  Cal., 

203. 
BUnco  Springs,  Ark.,  119. 
Blankenship's  Medical  Springs,  Mo.,  164. 
Blood  Spring,  Ark.,  119. 
Blossburg  Springs,  Pa.,  44,  49. 
Blount  Mineral  Springs,  Ala.,  89,  03. 
Blnunt  Spring,  Ala.,  89. 
Blowing  Springs,  Ark.,  119. 
Blue  Grass  Sulphur  Springs,  Ala.,  89. 
Blue  Lick.  Ind.,  135. 
Bine  Lick  Spring  (Lower),  Ky.,  107, 112. 
Blue  Lick  Spring  (Upper),  Ky.,  107,  HI. 
Blue  Ridge  Springs,  Va.,  55,  69. 
Blue  Rock  Spring.  Ohio,  131,  134. 
Blue  Spring,  Jackson  Co.,  Fla.,  86. 
Blue  Spring.  Madison  Co.,  Fla.,  86. 
Hluo  Spring,  Volusia  Co.,  Fla.,  86. 
Blue  Spring,  UtAh,  185. 
Blue  Sulphur  Springs,  Md..  .52. 
Blue  Sulphur  Springs,  W.  Va.,  60.  71. 
Bluish- White  Sulphur  Spring,  W.  Va.,  (». 
Bog  Springs,  Ark.,  119. 
Boiling  Lake,  PlumasY^o.,  Cal.,  203. 
Boiling  Mud  Springs,  Atka  Island,  Alaska.  219. 
Boiling  Springs,  Akutin  Island,  Alaska,  219. 
Boiling  Springs,  Kanaga  laland,  Alaska,  219. 
Boiling  Springs.  Cal.,  203. 
Boiling  Sulphur  Springs,  Cal.,  204. 
Bolar  Springs,  Va.,  55. 
Bon  Air  Chalybeate  Spring,  Tenn.,  98. 
Bonanza  Springs,  Cal.,  204. 
lion  A<iu:k  SjtringH,  Tenn.,  08, 
Bonni^r'H  Springs,  Kans.,  172, 174. 
Boone's  Lick,  Mu.,  164,  168, 
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Boothbay  MedioiDal  Mineral  Spring,  Me.,  14, 16. 

Borax  Flat  Springs,  Gal.,  204. 

Borax  Marsh  Springs,  Cal.,  204. 

Borax  Patch  Springs,  Cal.,  204. 

Borden  Springs,  Ala.,  89. 

Borland  Mineral  Well,  W.  Ya.,  69,  71. 

Botetonrt  Springs,  Ya.,  55. 

Boulder  Hot  Spring,  Mont,  17& 

Bowden  Llthia  Springs,  (ra.,  81. 

Bower  Sprtug,  Yt.,  19. 

Bowie  Springs,  Ala.,  89. 

Bowsher  Mineral  Spring.  Mo.,  164, 168. 

Box  Mountain  Solphar  Springs,  Ky.,  107. 

Boyd's  Hot  Springs,  CaL,  204. 

Boyer  Sulphar  Springs,  Ind.,  135. 

Brackett  Springs,  Wash.  Ter.,  218. 

Bradford  Mineral  Spring,  N.  H.,  17. 

Branbeck's  Springs,  Cal.,  204. 

Brandywine  Chalybeate  Spring,  DeL,  51. 

Brandywine  Spring,  Miss.,  95. 

Bratton  Spring,  Mo..  164,  168. 

Bridger  Callon  Tepid  Spring,  Mont,  178. 

Bristol  Soda  Springs,  Wis.,  151, 163.         « 

Britt's  Springs,  Ark.,  119. 

Brom-Magnesiaa  Mineral  Well,  Kans.,  172, 174. 

Brookfleld  Spring,  Mass.,  22. 

Brown  and  Boyd's  Spring,  Tenn.,  98.  . 

Brown  Spring,  Ky.,  107, 112. 

Brown's  Springs.  Tenn..  98. 

Brafiy's  Hot  Springs,  Nev.    8e4   Mineral  Hill 

Hot  White  Sulphur  Springs. 
Bmnean  Hot  Spring,  Idaho,  181. 
Bninswiok  White  Sulphur  Springs,  Yt.,  19. 
Bryan's  Mineral  Spring,  Minn.,  158, 159. 
Bryant's  Springs,  Ky.,  107, 110. 
Bnckhert's  Fountain.  Wis.,  151. 153. 
Bnokingham  White  Sulphur  Springs,  Ya.,  55. 
BnenA  Yista  Springs,  Ky.,  107.' 
BoflUo  Lithia  Springs,  Ya.,  65, 59. 
BttfiUo  Spring,  Mo.,  164. 
Bnfhlo  Springs,  Ky..  107. 
Bug  Spring.  Fla.,  86. 
Bull  Dog  Mmer^l  Springs,  Ark.,  119. 
Bnrdett's  Sour  Mineral  Wells,  Texas,  125. 
Burdsall's  Soda  Lake  Springs,  Colo.,  188. 
Burgher's  Spring,  Ky.,  107, 118. 
Burke's  Chalybeate  Springs,  K.C.,  74. 
Burkhart's  Spring,  Mo.,  164, 168. 
Burner's  Springs,  Ya.,  55. 
Burning  Spring,  Ala.,  89. 
Basseyls  Mineral  Spring,  Ark.,  119. 
Butler's  Mineral  Spring,  Ark.,  119. 
Butler  Springs,  Ala.,  89. 

Batterworth's  Magnetic  Spring,  Mioh.,  145,  147. 
Butte  Spring.  Nov.,  196. 
Byion  Acid  Spring,  N.  Y.,  27. 
Byron  Spring,  Cal.,  204. 


Cabello  Springs,  N.  Mex.,  194. 

Cairo  White  Salphur  Springs,  N.  Y.,  27. 

Calcareous  Springs,  Wyo.,  183. 

Caledonia  Springs,  Pa.,  44. 

Calhoun  Springs,  Miss.,  95. 

California,  mineral  springs  of,  202-214. 


California  Seltzer  Spring,  Cal.,  204. 210. 
Cahstoga  Hot  Spring,  Cal.,  204, 210. 
Callaghan's  Sulphur  Spring.  Ya.     /Sm  Dickson's 

Sulphur  Spring. 
Cameron  Springs,  Ind.,  135^  141. 
CampbeH's  Spring,  Ohio,  131. 
Campbell's  Springs,  Cal.,  204. 
Campbellsvillo  Sulphur  Spring,  Ky.,  107. 
Campo  Chalybeate  Spring,  CaL,  204* 
Camp's  Spring,  Ga.,  81,83. 
Cannon's  Spring,  Ga.,  81. 
Canoga  SpringH,  N.  Y.,  27. 
Caflon  City  Hot  Springs.  Colo.,  188. 101. 
CaAon  City  Springs,  Colo.,  188, 190, 191. 
Cafion  Creek  Sprinc.  Colo.,  188. 
Canter's  Blue  Sulphur  Springs,  Oreg.,  215. 
Cantrell  Springs,  Ark.,  110. 
Canwood'g  Springs,  Tenn.,  98. 
Capon  Springs,  W.  Ya,,  69, 71. 
Capper's  Springs,  Ya.    See  Rock  Snon  Springs. 
Garbouated  Spring,  Siskiyou  Co.,  Cal.,  204. 
Carbonated  Warm  Spring,  near  Draper,  Utah, 

185, 187. 
Carbureted  Spring.  Macon  Co.,  HI.,  142. 
Cardwell  Mineral  Spring,  Tex.,  125. 
Carey's  Spring,  Ohio,  131. 
Carlisle  Spring,  Colo.,  188, 102. 
Carlisle  White  Sulphur  Springs,  Pa.,  44. 
Cannon's  Spring,  Ala ,  89. 
Carrizo  Springs,  Tex.,  125. 
Carroll  White  Sulphur  Springs,  Md.,  52. 
Cascade  Springs,  Mich.,  145. 
/  Cascade  Springs,  Tenn.,  98, 103. 
Cascade  Wann  Mineral  Springs,  Wash.  Ter.,  218. 
Castalian  Mineral  Water,  CaL,  204, 210.    . 
Castallan  Spring,  Miss.,  95. 
Castalian  Springs.  Tenn.,  98. 
Cast4Uia  Springs,  Ohio,  131. 
Castle  Ilock  Springs,  Cal.,  204. 
Castor  Salpliur  Springs,  La.,  124. 
Catalytic  Springs,  Ga.,  81. 
Catoosa  SpringH,  Ga.,  81, 83, 84. 
Cave  Spring,  CaL    Hea  Desert  Spring. 
Cayce's  Springs,  Tenn.,  08. 
Cayuga  Mineral  Spring,  N.  Y.,  27. 
Cecil  Alum  Springs,  Ya.,  55. 
Cedar  Bluff  Sulphur  Springs,  Ya.,  55. 
Cedarburg  Springs,  Wis.,  151. 
Cedar  Spring,  Ohio,  131,  134. 
Cedar  Spring;*,  Mo.,  164. 
Cedar  Spriugrt.  Tex.,  125. 
Central  Spring,  Yt,  19. 
Central  Springd,  Ind.,  135. 
Cerro  Gordo  SpringH,  Ky.,  107. 
Cerulean  Springs,  Ky.,  107. 
Chalk  Creek  Hot  Springs,  Colo.,  188, 192. 
Chalybeate  Acid  Springs,  Miss.,  03. 
Chalybeate  and  Saline  Springs,  Ky.,  107. 
Chalybeate  and  Sulphur  Springs,  Ohio,  131. 
Chalybeate  Hill  Springs.  Ark..  119. 
Chalybeate  Mineral  Spring,  N.  C,  74. 
Chalybeate  Spring,  Colo.,  188. 
Chalybeate  Spring.  Oneida  Co.,  Idaho,  181. 
Ghalybeate  Spring,  Mont,  178 
Chalybeate  Springs,  Alaska,  219. 
Chalybeate  Springs,  Ga.,  81, 84 
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Chalybeate  Springs,  Ky.,  107,111. 

Chalybeate  Springs,  S.  C,  70. 

Chalybeate  Springs,  Wash.  Ter.,  218. 

Chalybeate  Well,  lU.,  142. 

Chamberlain  Mineral  Springe,  Iowa,  161, 163. 

Chameleon  Springs,  Ky.,  107. 

Champion  Spring  (Saratoga),  N.  Y.,  29, 38. 

Champlain  Spring,  Vt,  19.   • 

Chandler's  Spring,  Tex.,  125. 

Chandler's  Springs,  Ala.,  89. 

Chappaqna  Spring,  N.  Y.,  28. 

Charleston  Old  ArteHian  Well,  S.  C,  79, 80. 

Charlestown  Springs,  N.  H.,  17. 

Charlotte  Mineral  Spring,  N.  C,  74, 77. 

Chatham  Mineral  Spring,  N.  C,  74, 77. 

Cheltenham  Springs,  Mo.,  165. 

Chenowith's  Black  Sulphar  Springs,  Ohio,  131. 

Cherokee  Magnetic  Mineral  Springs,  Iowa,  161, 

163. 
Cherokee  Springs,  Ark.,  119. 
Cherokee  Springs,  S.  C,  7a 
Cherry  Valley  Phosphate  Spring,  N.  Y.,  28, 34. 
Cherry  Valley  Springs,  N.  Y.,  28, 34. 
Chester  Medicinal  Spring,  Vt,  10. 
Chick's  Springs,  S.  C,  79. 
Chilhowee  Spring,  Tenn.,  99. 
Chilhowee  Sulphar  Spring,  Va.,  55. 
Chittenango  White  Sulphur  Springs,  K.  Y.,  38, 33. 
Chlorine  Springs,  N.  Y.,  28, 35. 
Choteau  Spnnga,  Mo.,  165, 168. 
Church  Hill  Alum  Springs,  Va.,  55, 60.  . 
Cincinnati  Artesian  Well.  Ohio,  131. 133. 
Cincinnati  Sulpho-saline  Spring,  OU.io,  131, 133, 
Cistern  Lick  Springs,  Va.,  55. 
Claiborne  Springs,  La.,  124. 
Claremonde  Chalybeate  Spring,  Ga.,  81. 
Clarendon  Mineral  Springs,  Vt,  19, 20. 
Clark's  Sulphur  Springs,  Mo..  165. 
Clark's  Warm  Springs,  Mont,  17a 
Chirk's  Well,  Ind.,  185. 
Clarktown  Springs,  Tenn.,  99. 
Claypole's  Chalybeate  Spring,  Va.,  55. 
Clay  Spring,  Fla.,  86. 

Clear  Creek  Sulphur  Springs,  Ky.,  107,  118. 
Cleopatra  Spring,  Yellowstone  Parle,  Wyo.,  184. 
CleveUmd  Mineral  Springs,  N.  C,  74, 77. 
Cliif  Springs,  Ala.,  80. 
Clifton  Springs,  N.  Y.,  28,  33. 
Clifton  Springs,  Va.,  55,  58. 
Climax  Springs,  Mo.,  165, 168. 
Clinchdale  Springs,  Tenn.,  99. 
Clinton  Spring,  N.  Y.,  28. 
Cluster  Springs,  Ark.,  119. 
Clysmio  Springs,  Wis.,  151, 154. 
Coal  Valley  Boiling  Springs,  Cal.,  204. 
Coats's  Spring,  Ind.    See  West  Saratoga  Springs, 
Coffee  Spring,  Ala.,  89. 
Cohutta  Springs,  Ga.,  81. 
Coldbrook  Mineral  Springs,  Mass..  22, 23. 
Cold  Soda  Lake  and  Hot  Springs,  Cal.,  204. 
Cold  Sulphur  Springs,  Va.,  55,  59. 
Coleman  Springs,  Tex.,  125. 
Coleman's  Well,  Miss.,  95. 
Cole's  Soda  Springs,  Oreg..  215. 
Cole's  Springs,  Mo.,  165. 
Colfax  Mineral  Springs,  lowti,  161, 162. 


Collins  Hill  Spring,  Conn..  25. 
Colorado,  mineral  springs  of,  18S-193. 
Columbia  Chalybeate  Spring,  Mo.,  105^  108. 
Columbian  Spring  (Saratoga),  N.  Y.,  29, 88. 
Columbia  Springs,  Miss..  95. 
Columbia  Sulphar  Springs,  W.  Va..,  60. 
Columbia  White  Sulphar  Springs,  17.  Y.,  28, 8S. 
Commonwealth  Mineral  Spring,  Mass.,  22, 23. 
Congress  Spring  (Saratoga),  N.  Y.,  29, 3& 
Connecticut,  mineral  springs  of,  2S,  26.  * 
Cook's  Springs,  Ala.,  89. 
Cook's  Springs,  Cal.,  204. 
Cooper's  Springs,  Oreg.,  215, 217. 
Cooper's  Springs,  Tenn.,  99. 
Cooper's  Well  (artesitm),  MiB8.,95,97. 
Copeland's  Iron  Spring,  Ohio,  131. 
Copeland  Springs,  Tenn.,  99. 
Copperas  Springs,  Mo.,  165. 
Cornelian  Springs.  Cal.    Ses  Tahoe  Springs. 
Corydon  Art<;«iau  Well,  Ind.,  135. 
Cottonwood  Hot  Springs,  Colo.,  188. 
Court-House  Spring,  Ind.  Ter.,  12S. 
Cowhea#6pring,  N.  C,  74, 77. 
Coyner's  Sulphur  Springs,  Va.,  55. 
Crab  Orchard  Springs,  Ky.,  108,  111. 
Crabtree's  Sour  Wells,  Tex.,  125. 
Cranmer  Springs.  .Kans.,  172. 
Cranston  Mineral  Spring,  R.  I.,  24. 
Crawford  Spring,  Tenn.,  99. 
(jrawford  Sulphur  Spring,  Ohio,  181. 
Crawford  Sulphur  Springs,  Ark.,  119. 
Creel  While  Sulphur  Spring,  Ky.,  108. 
Crescent  Spring,  Wis.,  151. 
Cresson  Springs,  Pa.,  45,  47. 
Creswell's  Sulphur  Springs,  N.  C.  74. 
Crimson  Springs.  W.  Va.,  69. 
Crisp  Springs,  Tenn,,  90, 103. 
Crittenden  Spring,  Ky.,  108. 
Croton  Springs,  Arizona.  196. 
Crystal  Mineral  Spring,  Mass.,  22.       "" 
Crystal  Mineral  Springs,  Ark.,  119. 
Crystal  Birer  Springs,  Fla.,  86. 
Crystal  Spring  Maine,  14. 
Crystal  Springs,  Napa  Co.,  Cal.,  204. 
Crystal  Springs,  San  Mateo  Co.,  CaL,  204. 
Crystal  Springs,  Mo..  165 
Crystal  Springs,  N.  Y.,  28,  35. 
Crystal  Springs  (Saratoga),  N.  T.,  29. 38. 
Crystal  Sulphur  Springs,  Va.,  55. 
CuUen's  Springs.  Oreg.,  215. 
Cullum's  Springs.  Ahk,  89,  92. 
Cumberland  Spring,  R.  L,  24. 
Cuyahoga  Lithia  and  Magnesia  Spring^  Ohio, 
131,  183 


Daggers  Spring,  Va.,  56. 

Dakota,  mineral  springs  of,  15I^16L 

Dakota  Hot  Springs,  Dak.,  160. 

Dalby  Springs.  Tex.,  125. 

Daniel  Mineral  Springs,  Ga.,  81, 85. 

Dansville  Mineral  Springs,  N.  Y.,  28. 

Dardanelle  Sulphur  Springs,  Ark.,  110. 

Darien  Mineral  Springs,  N.  Y.,  28. 

Darling's  Mineral  Springs,  R.  L,  24. 

Darijow  Spring,  N.  V.,  28, 
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XNiTis  Spring,  Ala.,  88. 
I>avU  Hprtng,  Ky.,  108,  U8. 
Davis**  Salphnr  Springs,  Mo.,  165. 
Dawson's  Springs,  Ko.,  165. 
De  Barry  Mineral  Spring,  Fla.,  86. 
Deep  Book  Springs,  N.  Y.,  28,  85. 
Deer  Lidk  Springs,  N.Y.    Sm  Seneoa  Spa  Spring. 
De  Foe's  Mineisl  Well,  Dl.,  142. 
De  Gonia  Springs,  Ind.,  186. 138. 
De  Hart's  Springs,  K.  C,  74. 
Delaware,  mineral  springs  of,  61. 
Delaware  White  Snlphur  Spring,  Ohio,  131. 
De  Las  Hot  Springs,  CaL,  204. 
Denham  Springs,  La.,  124. 
Dennison's  Mhieral  Well,  K.  C,  74,  78. 
Denny  Springs,  Wash.  Ter.,  218.         ' 
DesChates  Hot  Springs,  Oreg.,  215,  217. 
Desert  or  Cave  Spring,  Cal.,  204. 
De  Soto  Mineral  Springs,  Ark.,  119. 
De  Soto  Mineral  Springs,  La.,  124. 
Dexter  Chalybeate  Spring,  Me.,  14. 
Diamond  Bock  Mineral  Well,  K.  Y..  28. 
Dihrell  Spring,  Ya.    Bu  Daggers  Spring. 
Dickson's  Snlphur  Spring,  Ya^,  55. 
DUlard's  Springs,  Ya,  56. 
District  of  Columbia,  mineral  springs  of,  54. 
Dixon*s  Oakland  Spring,  Tenn.,  09. 
Dixon  Springs,  lU.,  142. 
Dixon  Springs,  Mo.,  165. 
Doable  Hot  Springs,  Kev.,  198. 
Doubling  Gap  White  Sulphur  Springs,  Pa.,  45. 
Dougherty's  Springs,  Ga^,  81. 
DoTopark  Springs,  Ark.,  119. 
Doxtotter's  Mhieral  WeU,  K.  Y.,  28,  34. 
Draper's  Springs,  Tenn.,  09. 
Dr.  Davis's  Spring,  Ala.,  89. 
Drennon  Springs,  Ky.,  108. 
Dripping  Springs,  Ky.,  108. 
Dr.  Soopan's  Hot  Sulphur  Spring,  CaL,  204. 
Dryden  Springs,  N.  Y.,  28. 
Dnlfiiu's  Sulphur  Wells,  Tex.,  125. 
Dunbar's  Mineral  Spring,  Iowa,  161, 162. 
Donlap's  Chalybeate  Springs,  Tenn.,  99. 
Dunn's  Spring,  Tenn.,  99. 
Dunseith  Mineral  Spring,  Dak.,  160. 
Dnpont's  Artesian  Well,  Ky.    B9»  Louisville  Ar- 
tesian Well. 


East  Clarion  Spring,  Pa.,  45, 48. 
Eaton  Mineral  Well.  Ohio,  18L 
Eaton  Bapids  Magnetic  Springs  and  WeU,  Mich., 

145. 147. 
Eaton's  White  Sulphur  Well,  Ind.,  185^  188. 
Ebeeme  Spring,  Mc,  14, 16. 
Echinus  Geyser,  Yellowstone  Park,  Wyo.    /8m 

Gibbon  Geyser  Basin,  Yellowstone  National 

Park  Springs. 
Echo  Grove  Mineral  Spring,  Mass.,  29, 23. 
Sdmondson's  Spring,  Ya.,  55. 
Edmondaon's  Springs,  Ark.,  119. 
Bggleston  Springs,  Ya.    jSm  New  Biver  White 

Sulphur  Springs. 
Elbert  Iron  Spring,  Colo.,  188. 
Eldorado  Springs,  Ark.,  119. 
Eldarado  Springs,  Cedar  Co.,  Mo.,  165. 


Eldorado  Springs,  Oregon  Co.,  Mo.,  165. 

Eldorado  Springs.  Tenn.,  99. 

Electro-Magnetic  Springs,  Ohio,  131, 138. 

Elgin  Spring,  Vt.,  19. 

Elkhorn  Springs.  K.  Y.,  28. 

Elkmont  brings,  Tenn.,  99. 

Elko  Hot  Springs.  Nov..  196. 

Elk  Springs,  Mo.,  165. 

EUendale  Chalybeate  Springs,  K.  0.,  75. 

Ellerbe  Springs,  N.  C,  75, 77. 

Ellis  Spring  (Saratoga),  N.  Y.,  fe9. 

Ellis'sSprIng,  Ala.,  89. 

Elllston's  Sulphur  Springs,  E:y.,  108,  111. 

E]]iaWell,Mo.,  165, 168. 

Elm  Store  Springs,  Ark.,  119. 

El  Paso  deBobles  Hot  and  Cold  Sulphur  Springs 

CsL,  204,  210. 
Emigxant  Warm  Spring,  Mont,  178,180. 
Empire  Spring  (Saratoga),  N.  Y.,  29,  88. 
Engbnd's  Mineral  WeU,  Ark.,  119. 
EnnaU's  Spring,  Md.,  52. 
Ephrata  Spring,  Pa..  45. 
Epperson  Springs,  Tenn.,  99. 
Epsom  Spring,  Lincohi  Co.,  Ky.,  108, 112. 
Epsom  Spring,  Trimble  Co.,  Ky.,  108. 
Epsom  Springs,  Tenn.,  99. 
Erie  Sulphur  Springs,  Mich..  145. 
Erkenbrecker's  Salt  WeU,  Ohio,  181, 133. 
Erwin  Spring,  Tenn.,  09. 
Esoulapia  Springs,  Ky.,  108. 
Estes  Park  Springs,  Colo.,  188, 191. 
EstiU  Springs,  Ky.,  108,  111. 
EstiU  Springs.  Tenn.,  99. 
Eupeptic  Springs,  N.  C,  75. 
Eureka  Spring  (Saratoga),  K.  Y.,  29, 89. 
Eureka  Springs,  Ark.,  119, 122. 
Eureka  Springs,  Wis.,  152, 154. 
Everett  Crystal  Spring,  Mass.,  22, 23. 
Everett's  Springs,  Ga.,  81. 
Ewing  Springs,  N.  C,  75. 
Excelsior  Spring,  N.  Y.,  28, 35. 
Excelsior  Spring  (Saratoga),  N.  Y.,  89. 39. 
Excelsior  Springs,  Ark.,  119. 
Excebior  Springs,  Mo.,  165.    . 


FairchUd's  Potash  Sulphur  Springs,  Ark.,  119. 

Fair  Ground  Springs,  Ind.,  185. 

Fairport  Mineral  Springs,  N.  Y.,  28. 

Fairview  Mineral  Spring,  Mo.,  165, 169. 

Fairview  Springs,  Tex.,  126, 127. 

FalUng  Spring,  Ya.,  65. 

FarmviUe  Lithia  Springs.  Ya.,  55, 60. 

Fauquier  White  Snlphur  Springs,  Ya.,  55, 60. 

Fayette  Springs.  Fa..  45, 46. 

FeUow's  Grove  Spring,  Iowa,  162. 

Feravale  Springs,  Tenn.,  99, 108. 

FerzoUthic  Spring,  Ga.,  81. 

Fike's  Lick  Springs,  Mo.,  165. 

Fish  Springs,  Utah,  185. 

Flat  Book  Spring  (Saratoga),  K.  Y.,  29, 39. 

Flint's  Magnetic  Springs,  Mich.,  145. 

Flint  Stone  Mineral  Spring.  Md.,  52,  53. 

FlodiDg  Springs,  W.  Ya..  69. 

Flood's  Chalybeate  Spring,  Ark.,  129. 
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Florida,  mineral  spring  of,  85-87. 

Florida  SpringB,  K.  Y..  28, 35. 

Flowing  Spring,  Kaus.,  172, 175. 

Flowing  Wells,  BoBonkrans  Park,  Iowa.    Ses  Big 

Mineral  Spring. 
Foley's  Epsom  Springs,  Ky.,  108, 112. 
Foley  Springs,  Oreg.,  215,217. 
Ford  Springs,  Mo.,  166. 
Fort  Soott  Artesian  Well,  Kans.,  172, 173. 
Fonntain  Spring,  Wis.,  102, 154. 
Fox  Springs,  Ky.,  108. 
Frankfort  Springs,  Pa.,  45. 
Franklin  Spring  (Ballston),  K.  Y.,  27, 88. 
Franklin  Springs,  Ala^  89. 
Franklin  Springs,  Ga.,  81, 85. 
Franklin  Springs,  Miss.,  95. 
Franklin  Springs,  N.  Y.,  28. 
Franktown  Hot  Springs,  Nov.,  108. 
French  Liok  Springs,  Ind.,  135, 138. 
Fresno  Hot  Springs,  Cal.,  204. 
FraitpoTt  Artesian  and  Magnetic  Well,  Mich  ,145, 

147. 
Fryebnrg  Spring,  Maine,  14, 16. 
Fry's  Soda  Spring,  CaL,  204. 
Fnllwood  Springs,  6a.,  81. 
Fnlton  Wells,  CaL,  204,  210. 


Galbraith's  Springs,  Tenn.,  99, 108. 

Ganypiede  Spring,  XU.,  142. 

Gap  Springs,  Ark.,  120. 

Gamett  Springs,  Ga.,  81. 

Garrett  Spring,  S.  G.,  79. 

Gary  Mineral  Spring,  Dak.,  160. 

Geisinger  Spring,  Minn.,  158. 

Genoa  Hot  Springs,   Nov.    See   Wulley's  Hot 

Springs. 
Georgia,  mineral  springs  of,  81-85. 
Gettysburg  Katalysine  Spring,  Pa..  45,  47. 
Gettysburg  Lithia  Spring,  Pa.,  45,  48. 
Geuda  Springs,  Kans.,  172. 
Geyser,  N.Mex.,  194. 
Geyser,  Utah,  185. 
Geysers,  Sitka,  Alaska,  219. 
Geyser  Soda  Spring,  Cal.,  205. 
Geyser  Spa  Spring,  Cal.,  211. 
Geyser  Springs,  Sonoma  Co.,  CaL,  204. 
Geyser  Springs  (Saratoga),  N.  Y.,  29, 39. 
Gibson's  Spring,  Tenn.,  99. 
Gibson  Wells,  Tenn.,  99. 
Gihon  Springs,  Wis.,  152, 154. 
Gilbert,  G.  K.,  ou  thermal  sprlngH,  176. 
Gilbert's  Hot  Springs,  "Nev.   See  Sue  Hot  Spriii;;8, 
Gillen's  White  Sulphur  Si>rfnff8,  Ark.,  120. 
Gilroy  Hot  Springs,  CaL,  205. 
Girard  Mineral  Well.  Kans.,  172, 174. 
Given's  Hot  Springs,  Idaho.  181. 
Glen  Alpine  Mineral  Springs,  CaL,  205. 
Glen  Alpine  Spring,  N.  C,  73, 77. 
Glen  Ella  Springs,  Ga.,  81. 
Glen  Flora  Springs,  HI.,  142, 144. 
Glenn's  Chalybeate  Spring,  Tenn..  99, 104. 
Glenn  Spring,  Wis.,  152, 154. 
GleDU  Springs,  8.  C,  79, 80. 
Glopn's  Spring,  Ga.,  81. 


Glover's  Springs,  Tenn.,  99. 

Godbold  Mineral  WeU,  Miss.,  95,  97. 

Geloonda  Hot  Springs,  Nev.,  198. 

Gt>lden  Springs,  Ala.,  89. 

Goldsborough  Springs,  Md.,  52. 

Gomber's  Well,  Wis.,  152. 

Gooch  Mineral  Springs,  Tex.,  125. 

G«odrioh  Spring,  Nov.,  196. 

Gordon  Springs,  Ga^,  82. 

Gordon's  Spring,  CaL,  205. 

Groreham's  Lick,  Mo.,  105. 

Gower's  Springs,  Ga.,  82. 

Graham's  Springs,  Tenn.,  99. 

Grand  Haven  Mineral  Spring,  Mich.,  145, 14& 

Grand  Ledge  Magnetic  Vr  ells.,  Mich.,  145 

Granite  Creek  Hot  Spring.  Nev.,  198. 

Gray's  Mineral  Spring,  Ark.,  120. 

Grayson's  Hot  Springs,  Mont.,  178. 

Grayson  Springs,  Ky.,  108, 112, 113. 

Grayson's  Sulpbur  Springs,  Va.,  55. 

Groat  Spirit  Spring,  Kans.,  172. 175. 

Greenbrier  White  Sulphur  Springs,  W.  Va..  69, 72. 

Greencastle  Springs,  Ind.,  135, 138. 

Green  Cove  Springs,  Fla.,  86. 

Greene  Springs,  Ala.,  89. 

Green  Lawn  Springs,  HI.,  142. 

Green  Mineral  Spring,  Ohio,  131, 133. 

Green's  Chalybeate  Springs,  Ark.,  120. 

Green  Sulphur  Springs,  W.  Va.,  69. 

Greenwood  Spring,  Miss.,  95. 

Grey  Sulphur  Springs.  W.  Va.,  69, 72. 

Griffin's  Mineral  Spring,  S.  C.    See  Ambler's  Mio 

end  Spring. 
Grigsby's  (R.  B.)  White  Sulphur  Mineral  Spring 

Ky.,  108. 
Grizzly  Ca&on  Springs,  Cal.,  205. 
Grove  Springs,  N.  Y.,  28. 
GuUford  Mineral  Springs,  Vt.,  19, 20. 
Guinn's  Spring,  W.  Va.,  69. 
Gum  Springs,  Ark.,  120. 
Gunpowder  Spring,  Tex.,  125. 
Guylyok  &  Gaylord's  Spring,  Pa.,  45, 49. 
Gypsum  Spring,  Ariz.,  196, 197. 
Gypsum  Spring.  Iowa,  102, 103. 
Gypsum  Spring,  Nev.,  198. 

H. 

Hackefs  Spring,  Wis.,  152, 154. 

Haddon  Mineral  Well,  Kans.,  172, 175. 

Hafor's  Chalybeate  Springs,  Pa.,  45,46. 

Hagan'H  Springs,  Va.,  66. 

Hagenbush  Spring,  Mo.,  165. 

Hager's  Spring,  Tenn.,  99. 

Hale  &  GoflTs  Springs,  Tenn.,  100. 

Hale's  Retl  and  White  Sulphur  Springs,  Tean., «. 

HaUeck's  Spring.  N.  Y.,  2S,  35. 

Hamilton  Spring  (Saratoga),  K.  Y.,  29,391 

Hampton  Springs,  Fla.,  86. 

Hancock  Springs,  Tex.,  126. 

Hanna  Spring,  Tex.,  125. 

Hapgood  Hot  Springs,  Mont.,  178. 

Harbin  Springs,  CaL,  205. 

Hardin  Spring. Ky.,  108. 

Hardlnsville  Sulphur  Springs,  Ky.,  108. 

Hsirdy  White  Sulphur  Springs,  W.  Va.,  0». 
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Har1dn*s  Snlpbnr  Springs,  Ind.  Ter.,  138. 

Haxrell  Spiiniss,  Ala.,  89, 83. 

Hairiman's  Spring,  Wis.    Sf  Tellnlah  Mtnerftl 

Springs. 
Hanlman's  Salphnr  Spring,  Ho.,  16ft,  100. 
Harrington  Springs,  Yt.,  19. 
Harrison's  Mineral  Spring,  Ya.,  se. 
Harrison  Springs,  Hiss.,  9S. 
HaiTis  Salphur  Springs,  Tsnn.,  100. 
Harrodslnirg  Springs,  Ky.,  108, 114. 
Harrowgate  Springs,  K.  Y.,  28. 
Hartford  Cold  Springs,  Me.,  14, 10. 
Hartford  Salphnr  Springs,  Ind.,  135, 188. 
Hartsel  Hot  Minersl  Springs,  Colo..  188, 192. 
HarUviUe  Spring,  Ind.,  186. 
Hart  Well,  W.  Ya.,  70, 78. 
HatehinhamaLake,  Gal.,  206. 
Hathom  Spring  (Saratoga),  K.  Y.,  29, 39. 
Hanman  Hot  Springs,  Colo.,  188. 
HairkiDS*s  Chalybeate  Springs,  Ind.,  185,  139. 
Haynes  Mineral  Spring,  Yt.,  19. 
Haywood  White  Salphnr  Springs,  N.  C,^  75. 
Hacel  Dell  Springs,  Miss.,  95. 
Healing  Springs,  Ala.,  89. 
Healing  Springs,  N.  C,  75. 
Healing  Springs,  Ya.,  66,  00. 
Heard's  Spring,  Ga.,  82. 
Helena  Hot  Springs,  Mont.,  178, 180. 
Helicon  Springs,  Ga.,  82, 85. 
Henderson  Mineral  Springs.  N.  C,  75. 
Henderson's  Springs,  Tenn.,  100. 
Heneks'  Mineral  Springs,  Kans.,  172, 174. 
Henryaon's  Artesian  Well,  lova,  162, 183. 
Hensley's  Mineral  SpriUKS,  Cal.,  205. 
Henson  Spring,  Fla.,  86. 
Henson*s  White  Salphnr  Springs,  N.  C,  75. 
Hibbe's  Soda  Springs,  Cal.,  205. 
Hickman's  Springs,  Ey.,  108,114. 
Hickory  Creek  Snlphnr  Spring,  Ark.,  120. 
Higgins  Spring,  Ind.,  185. 
Highgate  Springs,  Yt.,  19,  21. 
Highland  Springs,  Cal.,  205,  212. 
High  Book  Spring,  Cal.,  205. 
High  Bock  Springs  (Saratoga),  N.  Y.,  29,  39. 
Hilgard,  E.  W.,  on  mineral  springe  of  MlssiBsippi, 

94. 
Hinson  Spring,  Tenn.,  100. 
Holbrook  Mineral  Spring,  Conn.,  26. 
Holdeman's  Artesian  Well,  HI.,  142. 
Holly'Spring,B.I.,24. 
Holsom-Back  Springs,  Miss.,  90. 
Holston  Springs,  Ya.,  56,  60. 
Holston   Snlphnr  Springs,   Ya.    See  Chilhowee 

Snlphar  Spring. 
Hoosier  Spring,  Fla.,  86. 
Hopklnton  Springs,  Mass.,  22. 
Horeb  Mineral  Spring,  Wis.,  152, 154. 
Horn's  Mineral  Springs,  Tenn.,  100. 
Horaeehoe  Springs,  La.,  124. 
Hosea  Saline  Salphnr  Springs,  Ind.,  135. 
Hoa-hi-ti-to  Spring,  Ariz.,  196. 
Hot  Borate  Springs,  Cal.,  205,  211. 
Hot  Mnd  Springs,  Cal.,  205. 
Hot  Springs,  Alaska,  219. 
Hot  Springs,  on  Bio  San  Francisco,  Ariz.,  196, 

197. 


Hot  Springs,  Ark.,  120, 122. 

Hot  Springs,  Paoha  Island,  Mono  Lake,  CaL^  205, 

212. 
Hot  Springs.  Sonth  Fork,  Navajo  Biver,  Colo.,  188, 

191. 
Hot  Springs,  north  of  Fishing  Falls,  Idaho,  181, 

182. 
Hot  Springs,  ITeT..  196, 199,  202. 
Hot  Springs,  Tex.,  125. 
Hot  Springs,  near  Salt  Lake,  ITtah,  185, 187. 
Hot  Springs,  Ya.,  56, 61. 

Hot  Salphar  Springs  (Middle  Park),  Colo.,  188, 191. 
Hot  Snlphnr  Springs,  Jnab  Co.,  Utah,  186. 
Hoagh's  Spring,  Cal.,  206w 
Honse's  Mineral  Spring,  HL,  142. 
Hontze's  Snlphar  Springs,  Mo.,  165. 
Howard  Lick,  W.  Ya.,  70, 78. 
Howard  Springs,  CaL,  206. 
Howard  Springs,  Tenn.,  100. 
Howard's  Salphnr  WeU,  Ky.,  108, 114. 
Howell  Mineral  Springs,  Ey.,  108. 
Howell's  Spring,  Ala..  89. 
Howland  Springs,  Ohio,  131. 
Hnbbard's  Mineral  Springs,  Ark.,  120. 
Hnbbardston  Magnetic  Spring,  Mich.,  145, 148. 
Hndson's  Hot  Springs,  N.  Mex.,  194. 
Hnfl^tetter's  Chalybeate  Springs,  Ind.,  186. 
Hngenot  Springs,  Ya.,  66. 
Haghes's  Springs,  Tex.,  125. 
Hnmboldt  Salt  Well,  Minn.,  158, 160. 
Humphrey's  Spring,  W.  Ya.,  70,  78. 
Hunter's  Epsom  Well,  Mo.,  165. 
Hnnter's  Hot  Springs,  Mont.,  178, 180. 
Hnnter's  Magnetic  Mineral  Fountain,  Wis.,  152, 

164. 
Hurricane  Springs,  Tenn.,  100, 104. 
Hutchinson's  Sulphur  Springs,  Ark.,  120. 
Hygeia  Spring,  Wis.,  152, 154. 
Hynson's  Iron  Mountain  Springs,  Tex.,  125. 

I. 

Idaho,  mineral  springs  of;  181, 182. 

Idaho  Hot  Soda  Springs,  Colo.,  188, 192. 

Idaho  Springs,  Tenn.,  100. 

Illinois,  mineral  springs  o^  142-144. 

Indiana,  mineral  springs  of,  134-141. 

Indian  Encampmont  Spring  (Saratoga),  N.  Y.,  29. 

Indian  Spring,  Ky.,  108, 114. 

Indian  Springs,  6a.,  82, 85. 

Indian  Springs,  Ind.,  186, 139. 

Indian  Springs,  Mo.,  165. 

Indian  Territory,  mineral  springs  of,  123. 

Inglewood  Springs,  Minn.,  168, 159. 

Inlow  Springs,  Ind.,  186. 

Innis  Sulphur  WeU,  Ky.,  108. 

Iodine  Spring,  N.  Y.    See  Star  Spring,  Saratoga 

Springs. 
Iodine  Springs,  Yt.,  19. 
lodo-magnesian  Springs,  Wis.,  162, 154. 
lola  Mineral  Well,  Kan.,  172, 178. 
Iowa,  mineral  springs  ot,  161-163. 
Iowa  Acid  Spring,  Iowa,  162. 
Irondale  Springs,  W.  Ya.,70,78. 
Iron  Hill  Springs,  Ya.,  56. 
Iron  Lake  Springs,  Colo.,  189. 
Iron  Spring,  CaL,  206. 
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Inm  Spring  (BaUston),  X.T.,  27. 
Iron  SprinKK,  Colo.,  180. 
Iron  Springs,  Utah,  185. 
Iron's  Sulphur  Spring,  Ark.,  120. 
Iak»  Mineral  Springs,  Miss.,  98. 


Jsokson  Springs,  Ala.,  80. 

Jackson  Springs,  N.  C,  76. 

Jacob's  Artesian  WoU,  Wis.,  152, 154. 

James  Mineral  Spring,  Ky.,  108. 

Jarrett  Springs,  Tex.    Sts  Bed  Springs. 

Jemes  Hot  Springs,  K.  Mez.,  104, 195. 

Jenkins's  Springs,  Ala.,  89. 

Jenkins  White  Snlphar  Springs,  Tcnn.,  100. 

Jericho  Springs,  Mo.,  1^. 

Jesse's  Mineral  Well,  Ey.,  loa 

Johnson's  Wells,  Ala.,  89, 03. 

Jones's  Salp^inr  Well,  Tenn.,  100, 104. 

Jones's  Warm  Spring,  Utah,  185,  187. 

Jones's  White  Snlphar  and  Cbalyb<;ate  Springs, 

N.C.,75. 
Jordan  A  Inm  Springs.  Ya..  56, 62. 
Jordan's  Mineral  Well,  Wis.,  152, 154. 
Jordan's  Springs,  Kaus..  172. 
Jordan's  Springs,  Tenn.,  100. 
Jordan  White  Snlphar  Springs,  Va.,  66, 63. 
Jng  Spring,  Yellowstone  Park,  Wyo.    See  Lower 

Geyser    Basin,    Yellowstone    National     Park 

Springs. 

K. 

Kanawha  Saline  Spring,  W.  Va.,  70. 

Kane  Geyser  WoU,  Pa.,  45, 48. 

Kane  Sulphur  Spiing,  Pa.,  45. 

Kannal  Spring,  Ind.,  136. 

Kansas,  mineral  springs  of,  171-175. 

Kansas  Mineral  Wells,  Kans.    Sfs  Manhattan  Ar 

tesian  Mineral  Wells. 
Katahdin  Mineral  Springs,  Me.,  14. 
Kellam  Snlphar  Springs,  Tex.,  125. 
Kendall  Connty  Mineral  Spriug,  Tex..  125, 127. 
Kentnoky,  mineral  springs  of,  106-118. 
Kentucky  Alum  Springs,  Ky.,  108, 114. 
Kenyon's  Mill  Spring,  Conn.,  25. 
Kern's  Springs,  Va.,  56. 
Kessler  Springs,  Tex.,  125. 
Kia-li-a-gee  Springs,  Ind.  Ter.,  123. 
Kiraberiing  Springs,  Va.,  56. 63. 
Kinersley's  Well,  lowft,  162. 
Kingsley  Springs,  N.  Y.,  28. 
King's  Mineral  Springs,  Ind.,  130. 
King's  Sulphnr  Springs,  Tenn.,  100 
Kingston  Springs,  Tenn.,  100. 
Kirby  Springs,  S.  C .,  79. 
Kirk  Spring. Ky.,  108. 
Kissingen  Spriug  (Saiatoga),  N.  Y.,  30, 40. 
Kitson's  Springs, Oreg, 215, 217. 
Kittanning  Mineral  Spring,  Pa..  45, 48. 
KHtrell  Springs,  N.  C,  75, 78. 
KUppert's  Spring,  Tenn.,  100. 
Knightstown  Springs,  Ind.,  130. 
Knisely's  Springs.  Ohio,  131. 
.  Knoll  Springs,  Utah,  186. 
Knttawa  Mineral  Springs,  Ky.,  108, 118. 
Kyle's  Hoi  Springs,  Ker.,  109. 


Labatli's  Springs,  La.,  124. 

Lafiiyette  Artesian  Well,  Ind.,  196. 130. 

La&yette  Sptinga,  Mias.,  06. 

Lak^  Auburn  Mineral  Spring,  Me.,  14, 16. 

Lake  Snlphar  Spring  (Saratoga),  N.  Y.,  29. 

Lambden's  Mineral  Springs,  Ind.,  136. 

Landreth's  Mineral  Well,  Mo.,  166, 160. 

Lane  Mineral  Springa,  CaL,  206. 

Lane's  Spring,  CaL,  206. 

Lansford  Spring,  Ala.,  80. 

Lansing  Magnetic  Well,  Mich.,  146. 148. 

Las  Cnusee  Hot  Snlphar  Springs,  Cal..  206. 

Las  Vegas  Mineral  and  Hot  Springe,  N.  Mez.,  194. 

105. 
Las  Vegas  Springs,  Nev.,  100. 
Latonla  Springs,  Ky.,  10& 
Lauderdale  Springs,  Miss.,  06, 07. 
LaTa  Springs,  Arix.,  106. 
Lawrence  Mineral  Springs,  Ga.,  82. 
Lawrence's  Chalybeate  Spring,  N.  C,  75. 
Lay's  Springs,  Ala.,  00. 
Leach's  Hot  Springs,  Nov.,  199. 
Lea's  Springs,  Tenn.,  100. 
Leay's  Springs,  Ark.,  120. 
Lebanon  Thermal  Spring,  N.  Y.,  28, 86- 
Lebanon  White  Sulphur  Springs,  Va.    AsEd- 

mondson's  Spring. 
Lee's  Spring,  Ala..  00. 
Lee's  Springs,  Ark.,  120. 
Lee's  Springs,  Kans.,  172. 
Legg's  Springs,  G*..  82. 
Leinster  Springs,  N.  C.  75. 
Lemon's  Chalybeate  Springs,  Ark.,  120. 
Lemon  Springs,  N.  C.,76. 
Len-a-pe  Magnetic  Springs.  Ohio.  131, 133. 
Leonoland  Spring,  Tex.,  125. 
Le  Outre  Lick  Springs,  Mo..  163. 
Le  Boy  Springs,  Wyo..  183. 184. 
Leslie  Magnetic  Wella,  Mich.,  146, 148. 
Lethean  Spring,  Wis.,  152, 154. 
Lewis  Centre  Snlphar  Springs.  Ohio,  181. 
Lewis  Spring.  Mo.,  166, 160. 
Lewis  Spring,  N.C.,75. 
Lexington  Mineral  Well,  Ky.,  108. 
Liberty  Hot  Springs,  Colo.,  IBO,  103. 
Liberty  Springs,  Va.,  66. 
Lick  Springs,  Csl.    Bee  Tuscan  Springs. 
Lifeey's  Warm  Spring,  Ga.,  82. 
Ligon's  Springs.  Ala..  00. 
Limestone  Springs,  S.  C,  79. 
Lincoln  Valley  Warm  Springs,  Idaho,  182. 
Lindsay's  Lick,  Mo.,  165. 
Line  Spring,  Tenn.,  100. 
LinkTille  Springs,  Oreg.,  215. 
Lineey's  Mineral  Spring,  Ky.,  108. 
Linwood  Spring,  Iowa,  162. 
Linwood  Springs,  Bla.,  86, 87. 
LithU  Springs,  Va.,  66. 
Little  Geysers,  Cal.,  206. 
LlUle  Yosemite  Soda  Springs,  CaL,  206, 218. 
Litton's  Seltaser  Spring,  Cal..  206, 211. 
Livingston  Artesian  Well,  Ala.,  00.02. 
Livingston  Warm  Springs,  Mont.,  178, 180. 
Lloyd's  Spring,  Md.,  52. 
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Lockport  Mineral  Spring,  N.  Y.,  29, 35. 

LooomotiYe  Spiinga,  XTteli,  168. 

Lodi  Artesian  Well,  Ind.,  18^  189. 

Lone  Fountain,  Ya. ,  56. 

Longmnlr'8  Well,  K.  Y.    8m  Boxtatter's  Mineral 

Well. 
Long*8  Springs,  La.,  124. 
Loadennllk  Snlphnr  Spring,  K.  C,  75. 
Louisbarg  Gas  Wells,  Kans.,  172. 
Louisiana,  mineral  springs  of^  123, 124. 
Louis  Spring,  Mo.,  166. 
LouisTiUe  Artesian  Well,  Kj.,  108, 115. 
Loniaville  Springs,  Kans.,  172. 
Lon-Lou  Fork  Hot  Springs,  Mont,  178. 
Love's  Springs,  8.  C,  79. 
LoTett  Sulphur  Springs,  Fa.,  45. 
Lower  Soda  Spring,  Oreg.,  215. 
Lower  Soda  Springs,  Cal.,  206. 
Lowe's  Spring,  Wis.,  152, 155. 
Low's  Snlphnr  Springs,  Tenn.,  100. 
Lnbeo  Saline  Springs,  Me.,  14,  If*. 
Ludlow  Mineral  Spring,  Me.,  14. 
Lunenburg  Chalybeate  Mineral  Spring,  Vt.,  19. 


MeAllister  Springs,  Mo.,  166. 

MeBride's  Spring,  Tenn.,  100. 

McBride's  Springs,  N.  C,  75. 

MoCalister's  Soda  Spribgs,  Oreg.,  215. 

MeCarthy's  Hot  Springs,  Cal.,  206. 

McCarthy's  Mlnersl  Springs,  Pa.,  45,  48. 

McCorkle's  Spring,  Ala.,  90. 

McDaniel's  Minenl  Springs,  HI.,  142. 

McElroy's  Spring,  Pa.,  45. 

MoEwen's  Springs.  Tenn.,  100. 

McHenry's  Thermal  Spring,  Va.,  56,  60. 

Maoblasport  Spring,  Me.,  14. 

Mack's  Sulphur  Springs,  Tenn.,  100. 

McYltty's  Spring,  Pa.,  46,  48. 

Madison  Spring,  Oa.,  88. 

Madrid  Springs,  N.  Y.,  29. 

Madrono  Mineral  Spring,  CaL,  206. 

Magnesia  Spring,  Fla.,  86. 

Magnesia  Spring,  Ga.,  82. 

Magnesia  Spring,  W.  Ya.,  70,73. 

Magnesia  Springs,  Ya.,  66. 

Magnetic  Spring,  Iowa,  162. 

Magnetic  Springs,  Cal.,  206. 

Magnetic  Well,  Wis.,  152, 154. 

Magnolia  Spring,  6a.,  82. 

Maine,  mineral  springs  of,  18-16. 

MfOorSberer  Snlphnr  Springs,  Ala.,  00. 

Malheur  River  Springs,  Oreg.,  215. 

Mammoth  Hot  Springs  (Yellowstone  National 

Park),  Wyo.,  184. 
Mammoth  Spring,  Ark.,  120. 
Mammoth  WeU,  Ky.,  108. 
Manaeqnan  Spring,  N.  J.,  42. 
Manganus  Springs,  K.  C,  75. 
ManhattanArtesisnMineralWeUs,Kaos.,172  J73. 
Manitou  Springs,  Colo«,  189, 192. 
Marion  Artesian  Well,  Ind.,  136, 139. 
Market  Square  Spring,  Wis.,  152, 155 
Mark  West  Springs,  Cal.,  206. 
Martin  Springs,  Tex.,  125. 


Martin's  Spring,  Yt.,  19. 

Maryland,  mineral  springs  of,  51-68. 

Massadhnsetts,  mineral  springs  of,  21-23. 

Massanetta  Mindkl  Springs,  Ya.,  56,  63. 

Massena  Springs,  N.  Y.,  29,  87. 

Massie's  Sulphur  Spring,  Ohio,  131. 

MatiUja  Hot  Springs,  Cal.,  206. 

Matthew  Orian's  Well,  Ohio.    Sm  Wyandot  Mag- 

netio'Well. 
Matthew's  Warm  Springs,  Mont.,  17R,  180. 
Mattock's  Spring,  Ark.,  120. 
Maulsby's  Spring  (Well),  Iowa,  162. 
May  bury  Springs,  Ark.,  120. 
Mayileld'e  Spring,  Ind.,-186L 
May's  Springs,  Pa.,  45,  48. 
Mechem's  Spring,  W.  Ya.,  70. 
Medical  Lake,  Wash.  Ter.,  218. 
Medicine  Creek  Hot  Springs,  Mont.,  178. 
Medioine  Creek  Spring,  Dak.,  160, 161. 
Melrose  Springs,  Tenn.,  100. 
Meikdon  Mineral  Springs,  Mass.,  22. 
Merameo  Springs,  Mo.,  166. 
Merriwether's  Epsom  Springs,  Mo.,  166. 
Mershon's   Black  Sulphur  Springs,  Ohio.    8— 

Chenowith's  Black  Sulphur  Springs. 
Mesquit  Springs,  Kev.,  199. 
Messinger's  Sulphur  Spring,  Ohio,  181. 
Michigan,  mineral  springs  of,  145-150. 
Michigan  Congress  Spring,  Mich.    8«9  Lansing 

Magnetic  Well. 
Middleton  Spring,  Tex.,  125. 
Middletown  Mlnersl  Springs,  Yt.,  19,  20. 
Midland  Magnetic  Well,  Mich.,  146,  148. 
Milbum  Springs,  Ind.,  136. 
MUes  City  Artesian  Well,  Mont.,  178,  180. 
Mllford  Springs,  K.  H.,  17. 
Milhonr  Springs,  Ala.,  90. 
Millborough  Springs,  Ya.,  50. 
MiU Creek  Apollinaris  Spring,  Mont,  178,  180. 
Milldale  Mineral  Well,  Ey.,  115. 
Miller's  Hot  Springs,  Key.,  199. 
Miller's  Minersl  WeU,  Ky.,  108. 
MiUs's  Mineral  Spring.  CaL,  206. 
MOUtead's  All  Healing  Mineral  Spring,  K.  C,  75.4 
Mineral  Artesian  Wells,  Ind.,  136. 
Mineral  Hill  Hot  White  Sulphur  Springs,  Nev. 

199. 
Minenl  Hill  Springs,  Tenn.,  100. 
Mineral  Park  Bitter  Springs,  Ariss.,  196, 197. 
Mineral  Park  Well,  Colo.,  189. 
Mineral  Bock  Spring,  Wis.,  152, 155. 
Mineral  Spring,  Encino  Ranch,  Col.,  206,  212. 
Mineral  Spring,  Orissly  Ca&on,  CsL,  206. 
Mineral  Spring,  Kans.,  172. 
Mineral  Spring,  near  Irvine,  Ky.,  109, 115. 
Mineral  Spring  (Pool),  Shutesbury,  Mass.,  22. 
Mineral  Spring  Artesian  Well,  Wis.,  152. 
Mineral  Springs,  Apache  Co.,  Aria.,  106. 
Mineral  Springs,  Conn.,  25. 
Mineral  Springs,  Coweta  C!ounty,  6a.,  82. 
Mineral  Springs,  La..  124. 
Mineral  Springs,  Cayuga  Co.,  N.  Y.,  29. 
Mineral  Springs,  Schoharie  Co.,  N.  Y.,  29. 
Mineral  Springs,  W.  Ya.,  70. 
Mineral  Springs  and  Artesian  Wells,  Ind.,  136.  * 
Mineral  Well,  Bates  Co.,  Mo.,  16G. 
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Mineral  WeU  (Pierre),  Dak.,  IM,  ICL. 
Mineanl  Well,  Ind..  186. 
Mineral  Well  (Smith's  <}xove).  "Kj^  100,  lift. 
Mineral  Well,  Mich.,  14«.  • 

Mineral  Well  (Traoy  Stetion),  Mfam.,  158,  IM. 
Mineral  Well,  K.  C,  70^78. 
Mineral  WeU,  Ohio,  182. 
Mineral  WeU,  B.  C,  80. 
Mineral  Well,  W.  Va.,  70. 
Mineral  Weill  (artedan).  Iowa,  162. 
Mineral  WeUa,  Miaa..  96. 

Mineral  Wella,  Palo  Pinto  Connty,  Tex.,  126,  127. 
Minerva  Mineral  Sjirlng,  Ind.,  136. 
Minnehaha  Spring  (Saratoga),  N.  Y.,  20. 
Minneqna  Springe,  Pa.,  46. 
Minnesota,  mineral  aprings  ot  158, 160. 
Mint  Spring,  Mo.,  166. 
Misentieimer's  Snlphnr  Springa,  N.  C,  76. 
Misbenvan's  Spiinga,  N.  C,  76. 
Missisqnoi  Spring,  Yt.,  10. 
Mississippi,  mineral  airings  ot,  01-07. 
Mississippi  Springs,  Mlaa.,  06. 
Mlssonri,  mineral  springs  of,  164-170. 
Mitoheirs  Chalybeate  Springs,  Ark.,  120. 
Mixed  Spring,  Ey.,  100. 
Moodyville  Mineral  Springs,  Eans.,  172. 
Mooreaborg  Spring,  Tenn.,  100. 
Moore's  Springs,  Ala.,  00. 
MooresTiUe  Mineral  Springs,  Mo.,  166^  160. 
Moorman  Well,  Mich.,  146, 160. 
Monagaw  Solphnreted  Springs,  Mo.,  166. 
Monorief  Spring.  Fla.,  86. 
Mono  Basin  Warm  Springs,  Cal.,  206,212. 
Mono  Lake,  Gal.,  206.  212. 
Monroe  Hot  Springs,  Aris.,  106. 
Monroe  Spring  (Saratoga),  N.  T.,  20. 
Monroe  Springs,  N.  Y.,  20. 
Montana,  mineral  springs  of,  177-180. 
Montebello  Springs,  Yt    S«4  Newbary  Springs. 
"Montesano  Springs,  Mo.,  166, 170. 
Montgomery  White  Snlphnr  Springs,  Ya.,  56. 
Montrale  Springs,  Tenn.,  100,  lOi. 
Morgan  Springs,  Tenn.,  100. 
Morrison  Springs,  Odo.,  180. 
Monltonborongh  Mineral  Spring,  N.  H.,  17. 
Monnd  Soda  Spring,  Colo.,  180. 
Monnd  Springs,  Utah,  186. 
Monnd  Yalley  Spring,  Kans.,  172. 
Mountain  Glen  Hot  Springs,  Cal.,  206. 
Mountain  Yalley  Springs,  Ark.,  120,  122. 
Meant  Airy  Springs,  Ga.,  82. 
Monnt  Clemens  Mineral  Springs,  Mich.,  146. 
Mount  Mineral  Springs,  Mass.,  22. 
Mount  Kebo  Springs,  Ark.,  120. 
Mount  Nebo  Springs,  Tenn.,  100. 
Mount  Boyal  Springs,  Fla.,  86. 
Mount  Yemen  Mineral  Springs,  N.  C,  76. 
Monnt  Zircon  Spring,  Me.,  14. 
Muddy  Springs,  Not.,  200. 
Mud  Spring,  Ey.    See  Snddnth  Spring. 
Mud  Springs,  Not.,  200. 
Mnltona  Springs,  Miss.,  06. 
MnngeVs  Springs,  Ya.,  56. 
Murphy's  Seven  Springs,  Kann.,  172, 173. 
Murray's  Springs,  Ky.,  100, 1  ir>. 
Mustard's  Mineral  Springs,  Yn.,  56. 


N. 


Naatiooke  Snlphnr  Springs,  N.  Y.,  20. 

Napa  Soda  Springs,  Cal.,  207, 211. 

Naahville  Sulphur  Spring  (arteaian),  Tenn.,  loa 

National  Springs,  Ark.,  120. 

NaTe's  Warm  Spring.  Mont,  178. 

Nebraska,  mineral  springs  of,  171. 

Nelson  Springs,  Ner.,  200. 

Nemahbin  Mineral  Springs.  Wis..  152, 155. 

Nevada,  mineral  springs  ot  107-202. 

Nevada  Mineral  Springs,  Mo.,  166. 

Nevlen's  Sulphur  Springs,  Ky.,  100. 

Newark  Magnetic  Springs,  Ohio,  132. 

New  Baden  Springs,  Mo.,  166, 160. 

Newbury  Springs,  Yt.,  19, 21. 

New  Hampshire,  mineral  springs  ol^  17, 18. 

New  Hollands  Spring.  G^a.,  82. 

New  Jersey,  mineral  springs  ot  42, 43. 

New  Mexico,  minei'al  springs  of;  103-195. 

New  Point  Comfort  Springs,  Ind.  See  Hoeea  Saline 

Sulphur  Springs. 
Newi>ort  Snlphnr  Springs,  Fla.,  86. 
New  Rlrer  White  Sulphur  Springy  Ya.,  56L 
New  Saratoga  Springs,  Wis.,  152, 155. 
Newsom's  Arroyo  Grande  Warm  Springs,  CaL,  207. 
Newsom's  Springs,  Ala.,  00. 
New  Sour  Lake,  Tex.    See  Saratoga  Springs,  Tex. 
New  Spring,  S.  C,  80. 
Newton  &  Jenney,  on  mineral  springa  of  Dakota, 

160. 
Newton  Springa,  Ark.,  120. 
New  York,  mineral  springs  of,  26-41. 
North  Carolina,  mineral  aprings  of,  74, 78. 
Northern  Atlantic  States,  mineral  springs  of. 

12-40. 
Northern  Central  States,  mineral  springs  of,  120- 

175. 
North  Waterford  Springs,  Me.,  14, 15. 
North  Woloott  Spring,  Yt.,  10. 
Norwalk  Mineral  Well,  Wis.,  152. 
Norwood  Springs,  Tenn.,  100. 
Not-tahn-do-let  Spring,  Aris.,  106. 
Nunda  Mineral  Springs,  N.  Y.,  20, 35. 

O. 

Oak  Orchard  Acid  Springs,  N.  Y.,  29, 37. 

Oakton  Springs,  Wis.,  152, 165. 

Ocean  Springs,  Miss.,  06,  07. 

Ocbee  Springs,  R.  I.,  24. 

Oconee  Chalybeate  Springs,  Ga.,  82. 

Oconee  White  Snlphnr  Spring,  Ga.,  82. 

Ogemaw  Mineral  Springs,  Mich.,  146.  * 

Ohio,  mineral  springs  of,  130-134. 

Ohio  Magnetic  Spring,  Ohio,  182. 

OJo  Arufte,  New  Mex;,  104. 

CUo  Caliente  (Grant  Co.),  New  Mex.,  104. 

OJo  Caliente  (Joseph's),  New  Mex..  194,  195. 

OJo  Caliente  (Sorocco  Co.),  New  Mex.,  104. 

Ojo  Caliente  (Yalcncia  Co.),  New  Mc^x.,  194. 

OJo  Sarco  (Taos  Co.),  New  Mex.,  194. 

Ojoe  do  los  Caballos,  Colo.,  189. 

Old  Red  Spring  (Saratoga),  N.  Y.,  29,  40. 

Oleson'a  Snlphnr  Springs,  Wis.,  152. 

Oliver  Springs,  Ky.,  100. 

Oliver  Springs,  Tenn.,  101. 
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OlympUui  Springs,  Ky.,  109, 116, 117. 

Opal  Spring,  YellowBtone  Park,  Wyo.  See  Gib- 
bon Geyaer  Basin,  Yellowstone  National  Park 
Springs. 

Opbir  Mine  Water,  Nov.,  200. 

Orange  Spring,  Fla.^  80. 

Oregon,  mineral  springs  of,  21&-217. 

Orbney  Springs,  Va.,  56,  04. 

Orrick's  Sulphnr  Spring,  W.  Va.,  70. 

Orton,  Edward,  on  mineral  springs  of  Obio,  130. 

OMeola  Springs,  Mo.,  166. 

Otsego  Mineral  Springs,  Micb.,  146,  140. 

Ott's  WeU,  Ind.,  136, 139. 

Ottomwa  Medical  Springs,  Iowa,  162,  163. 

Onray  Mineral  Springs,  Colo.,  189. 

Outram  Springs,  Md.,  52. 

Owatonna  Mineral  Springs,  Minu.,  158,  150. 

Owen's  Lake,  Cal.,  207.    See,  aleo,  Castalian  Min- 

■  eral  Water. 

Owen's  Mineral  Well,  Miob.,  146,  150. 

Owossa  Cbalybeate  Spring,  MicU.,  146, 140. 

Oxford  Spring,  Conn.,  25,  26. 


PaolAc  Congress  Springs,  Gal.,  207,  211. 

Paert's  Hoti  Springs,  Cal.,  207. 

Pagosa  Springs,  Colo.,  189, 193. 

Pabgnn  Spring,  Arix.,  196. 

Paint  Lick  Mineral  Well,  Ey.,  109, 118. 

Paint  Spring,  N.  J.,  42. 

Palmer's  Springs,  Va.,  50. 

Palmyra  Springs,  Wis.,  152, 155. 

Palo  Pinto  Mineral  Well,  Tex.,  126, 127. 

Panacea  Springs,  N.  C,  75,  IB. 

Paradise  Spring,  Me.,  14,  15. 

Paraiso  Spring,  Cal.  207,  214. 

Paris  Cbalybeate  Springs,  Mo.,  166 

Parkersburg  Mineral  Wells,  W,  Va..70, 73. 

Parker's  Sulpbur  Spring,  Tenn.,  101. 

Park's  Alkaline  Mineral  Spring,  N.  C..  75.  78. 

Park  Spring,  Wis.,  152,  157. 

Pamasaos  Springs,  Colo.,  180, 193. 

Paroquet  Springs,  Ky.,  109,  115. 

Pate  Sour  Well,  Tex.,  126, 128. 

Patterson  Springs,  N.  C,  76. 

Patterson's  Springs,  Tenn.,  101. 

Pavilion  Spring  (Saratoga),  N.  Y.,  20.  40. 

Payton  Mineral  Spring,  Oreg.,  216. 

Peabody  Springs,  Colo.  See  Seltzer  Mineral 
Springs. 

Peacock  Spring,  Ind.,  136. 

Pearl  Geyser,  Yellowstone  Park,  Wyo.  See  Gib- 
bon Geyser  Basin,  Yellowstone  National  Park 
Springs. 

Pearson's  Springs,  CaL,  207. 

Pecan  Spring,  Tex.,  126. 

Pennsylvania,  mineral  springs  of,  44-49. 

Pennywits  Solpbnr  Springs,  Ark.,  121. 

Periolasian  Spa  Springs,  Wis..  152. 

Perry  County  Warm  Spring,  Pa.,  45. 

Perry  Springs,  HL,  143, 144. 

Perryville  Salt  Well,  Ark.,  121. 

Petroleum  Spring,  Cal.,  207. 

PetUgrew  Wbite  Sulpbur  Springs,  Tenu.,  101. 

Pettnsville  Springs,  Ala..  90. 

Pfister's  Mineral  Spring,  Kans.,  172, 175. 


Pbifer's  Cbalybeate  Springs,  HI.,  14.1. 
Phodnix  Mill  Sulpbur  Spring,  Iowa,  162. 
Pickwick  Wbite  and  Bed  Sulpbur  Springs,  Tenn. 

101. 
Piedmont  Springs,  N.  C,  7& 
Piedmont  Sulpbur  Springs,  Tex.,  126. 
Piedmont  Wbito  Sulpbur  Springs,  Cal.,  207. 
Pine  Giove  Mineral  Spring.  K.  H.,  17,  la 
Pinkerton  Springs,  Colo.,  189. 
Pinkbam  Mineral  Spring  or  Well,  Wasb.  Ter.,  218 
Pipestone  Spring^  Mont.,  178. 
Piqna  Mineral  Wells,  Eana.,  172, 176. 
Pitcber  Springs.  K.  Y.,  29. 
Pittsford  Sulpbur  Springs,  N.  Y. ,  29. 
Plainfleld  Springs,  Vt.,  19. 
Poinsett's  Spring,  a  C,  80. 
Poison  Springs,  N.  C.    See  Lcinster  Springs. 
Poland  Silica  Springs,  Me.,  14, 15. 
Poland  Spring.  Me.,  14, 16. 
PoUard's  Mineral  Well,  Ey.,  100,  115. 
Ponce  de  Leon  Spring,  Ga.,  82. 
Poncbo  Hot  Springs.  Colo.,  189. 
Porter  Springs,  Ga.,  82. 
Porter's  Springs,  Colo.,  189. 
Porter's  Springs,  Texas,  126^ 
Powder  Springs,  Ga.,  82,  85. 
Powder  Springs,  Tenn.,  101. 
Powbatanliitbia  and  Alum  Springs,  Va.,  66. 
Preston's  Spring,  Va.,  66. 
Prewett's  Well,  Mo. 
Price's  Cbalybeate  Spring,  Tenn.,  101. 
Primm's  Springs,  Tenn.,  101, 105. 
Prospect  Park  Mineral  Springs,  Iowa,  162. 
Pulaski  Alum  Springs,  Va.,  66, 63. 
Puller's  Springs,  Mont.,  179. 
Putnam  Spring  (Saratoga),  N.  Y.,  29, 40. 
Pylant's  Spriugs,  Tenn.    See  Cascade  Springs. 


Quitman  Bed  Sulpbur  Springs,  Miss.,  06. 
Quitman  Bed  Sulpbur  Springs,  Mo.,  166. 


B. 


Baboum  Sulphur  Springs,  Ark.,  121. 

Babr's  Artesian  Well,  Wis.,  152, 155. 

Baleigb  Mineral  Springs,  Tenn.,  101, 105. 

Bandolpb  Medical  Springs,  Mo.,  166, 170. 

Barendon  Springs,  Ark.,  121, 122. 

Bawley  Springs.  Va.,  56, 63. 

Becapitulation,  '220. 

Bed  Bluff  Springs,  Nov.,  200. 

Bed  Boiling  Springs,  Tenn.,  101, 105. 

Bed  Creek  Springs,  Colo.  See  Parnassus  Spriugs. 

Bed  Springs,  Texas,  126. 

Bed  Springs,  Utah,  185. 

Bed  Sulphur  Springs,  Ga.,  82. 

Bed  Sulphur  Springs,  Tenn.,  101. 

Bod  Sulpbur  Springs,  W.  Va.,  70, 73. 

Bed  Sweet  Springs,  Va.    See  Sweet  Cbalybeate 

Springs. 
Beed  and  Lyon  Wbite  Sulpbur  Spring,  Pa.,  45. 
Beedy  Springs,  S.  C,  80. 
Beid's  Mineral  Spring,  N.  Y.,  29. 
Beiger  Springs,  Mo..  166. 
l:hea  Springs,  Tenn.,  101. 105. 
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Rhode  lalftnd,  minenl  springs  of;  24. 

Bice's  Springs,  Ark.    8m  Warm  Springs. 

Richfield  Springs,  N.  T.,  29.  37. 

Richmond  Spring,  Wis.,  152. 15&. 

Ridgeway's  Springs,  Md.,  52. 

Riga  Mineral  Springs,  N.  T.,  29. 

Rinnah  Wells  Springs,  III.  148. 

Riverside  liagnetio  Mineral  Springs.  Mich.,  146, 

147. 
Rirer  Springs,  Md.,  62. 
Roanoke  Red  Snlphnr  Springs,  Ya.,  57, 67. 
Robb*H  Chalybeate  Spring,  Ky.,  109. 
Robinson's  Mineral  Springs,  Idaho,  182. 
Robinson  Spring,  Tenn.,  101. 
Robinson's  Springs,  Tenn.,  101. 
Rocheport  Snlphnr  Springs,  Mo.,  166. 
Rochester  Chalybeate  Spring,  Ind.,  136. 
Rochester  Springs,  Ky.,  109. 
Rockbridge  Alnm  Springs,  Ya.,  57. 65. 
Rockbridge  Baths,  Ya.,  57. 
Rockcastle  Spring^  Ky.,  109,  117. 
Rock  Enon  Springs,  Ya.,  67, 67. 
Rockford  Artesian  WeUs,  IlL,  143, 144. 
Rockingham  Yirginia  Springs,  Ya.,  57. 
Rock  Spring.  Fla.,  86. 
Rooky  Mountain  Springs,  Colo.,  191. 
Rocky  Riyer  Springs,  N.  C,  76. 
Roper  Mineral  Wells.  Ala.,  90, 93. 
Rosicnisian  Springs,  Me.,  14, 16. 
Ross  Mineral  Springs,  HI.,  148. 
Ross's  Hole  Hot  Springs,  Mont.,  179. 
Rotten  Egg  Springs*  Kev.,  200. 
Bough  Creek  Springs,  Ky.,  109. 
Rowland  Springs,  G*.,  82. 
Royston's  Chalybeate  Springs,  Ark.,  121. 
Rnssell,  I.  C.  desoription  of  the  Great  Basin.  176. 
Russell  Salphnr  Springs,  Ky.,  109. 
Ryan's  Hot  Springs,  Mont.  179. 
Ryder's  Blood  Spring,  Ark.    See  Blood  Spring. 


S. 


Sailor's  Springs,  HI.,  143. 

St.  Andrew's  Well.  Miss..  96. 

St.  Bernard  Springs,  Ky.,  109. 

Saint  Clair  Mmeral  Spring,  Mich.,  146. 149. 

Sflint  Croix  Mineral  Spring.  Wis.,  152, 155. 

Saiut  Louis  Artesian  Well,  Mo..  1({7. 

Saint  I^ois  Magnetic  Spring.  Mich..  140,  149. 

Saint  Regis  Springs,  K.  Y.    See  MasKcna  Springs. 

St.  Ronan's  Well,  Ind.,  137, 14b 

St.  Ronan's  Well,  Miss.,  96. 

Saint  Viboent's  Salt  Well,  Minn.,  158. 

Saline  Lake,  on  Beayer  Island,  in Pribyloff  Group, 

Alaska,  219. 
Saline  Spring,  Fa.,  45. 
Saline  Springs,  Wash.  Ter..  218. 
Salt  Creek  Springs.  Colo.,  189. 
Saltillo  Minora     Springs,  Pa.    See  McCarthy's 

Mineral  Springs. 
Salt  Lake,  Cal.,  207. 
Salt  Lake,  Minn.,  168. 

Salt  Lake  City  Warm  Springs,  Utah,  186, 187. 
Salt  Springs,  Aria.,  196, 
Salt  Springs,  Fla..  86. 
Salt  Springs,  Mo.,  166. 


Salt  Springs,  Neb.,  171. 

Salt  Sulphur  Springs,  W.  Ya.,  70,  78. 

Salt  Sulphur  Well,  Ky.,  109. 

Salt  WeU,  Nev.,  200. 

Salt  WeUs,  CaL,  207. 

Salubrian  Springs,  Ky.,  109. 

Samaritan  Springs,  La.,  124. 

Samoeet  Mineral  Springs,  Ma.,  14, 15. 

Sam's  Creek  Springs,  Tenn.,  101. 

San  Bemadino  Hot  Springs,  Cal.,  307, 213. 

Sand  Cave  Spring,  Ariz.,  I9& 

Sand  Creek  Mineral  Spring,  Ind.,  196. 

Sanderson  Spring,  Yt..  19. 

San  Juan  Capistrano  Hot  Springs.  Cal..  206, 213. 

San  Marcos  Sulphnr  Springs,  Cal.,  207. 

San  Ratisol  Springs,  Cal.,  207. 

Sans  Souci  Spring  (Ballston),  N.  Y.,  27.  .13. 

Santa  Barbara  Hot  Sulphur  Springs,  Cal.,  207. 213. 

San  Ysidro  Spring.  N.  Mez.,  194, 195. 

Saratoga  A  (or  alnm)  Spring  (Saratoga),  K.  Y.,  29 

40. 
Saratoga  Seltser  Spring  (Saratoga),  K.  Y.,  29, 40. 
Saratoga  Spring,  CaL,  207. 
Saratoga  Springs,  Ark.,  121. 
Saratoga  Springs.  Mo.,  166. 
Saratogo  Springs,  N.  Y.,  29. 88-41. 
Saratoga  Springs,  Tex.,  126. 
Saratoga  Springs,'Wyo.,  183. 
Saratoga  Sulphur  Spring.  Nebr.,  171. 
Sanquolt  Sulphur  Spring,  N.  Y..  29. 
Sawyer's  Spring,  Ark.,  121. 
Scarborough  Mineral  Spring,  Me.,  14.  IS. 
Schellbume  Hot  Springs,  Key.,  2t;0. 
Schooley's  Mountain  Spring,  K.  J  ,  42. 43. 
Schuyler  County  Spring.  111..  143. 144. 
Schweickhardt's  Spring,  Wis.,  152, 155. 
Sooby's  SpriaKs,  Ark.,  121. 
Scott's  White  Sulphur  Springs,  Ark.,  121. 
Searcy  Springs,  Ark.,  121. 
Sebree  Springs,  Ky.,  109. 112. 
Seco  Springs,  Ind.  Ter.,  123. 
Seigler  Springs,  Cal.,  207. 
Seltzer  Mineral  Springs.  Colo.,  180, 192. 
Seneca  Mineral  Springs,  S.  C,  80. 
Seneca  Spa  Springs,  N.  Y.,  30. 
Seyen  Springs,  N.  C,  76. 
Seyen  Springs,  Tex.,  126. 
Seyen  Springs,  Ya.,  67, 67. 
Shady  Groye  Spritgs,  Tenn.,  101. 
Shafer's  Hot  Springs.  Cal.,  207,214. 
Sbannondale  Springs,  W.  Ya.,  70, 78. 
Shanto  Springs,  Aria.,  106. 
Sharon  Springs,  N.  Y.,  30, 86. 
Sharon  Springs.  Ya..  67. 
Sharpnack's  Well,  W.  Ya.,  70. 
Shawnee  Mineral  Springs,  Mich.,  146. 
Shaw's  Healing  Springs.  N.  C,  76. 
Shaw's  Hot  Springs,  Key.,  200. 
Shaw's  Magnetic  Springs,  Colo.,  189. 
Shealtiel  Mineral  Springs,  Wis..  152. 166. 
Sheboygan  Mineral  Springs,  Wis.,  162, 156. 
8hee'sSpa,K.  Y.,80. 
Shelby  Chalybeate  Springs,  Tenn..  16L 
Shelby  Springs,  Ala.,  90. 
ShelbyvUle  Thermal  Well,  Ind.,  137. 
Sheldon  Spring,  Yt,  19, 21. 
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Shenandoah  Alum  Springs,  Va.,  57, 67. 

Sheridan  Springs,  Wis.,  152, 166. 

Shoceo  Springs,  Ala.,  90. 

Shoooo  Springs*  N.  C,  76. 

Shover'B  Spring,  Arlc,  121. 

Saootl's  Springs,  Ta.,  67. 

SOottB  Springs,  Ark.,  121. 

Sibam  l^vrings.  Iowa,  162, 163. 

Siioam  Springs,  Mo..  166. 

Sikwm  Springs,  Wis.,  158, 156. 

SQnrian  Spring,  Wis.,  163, 166. 

SUtst  Spring,  Fla.,  88. 

Summons's  Hot  Salphnr  Springs.  Cal.,  207. 

Skaggs'B  Hot  Springs,  Cal.,  207, 211. 

Slaterrille  Magnetio  Springs,  N.  T.,  30. 

SfflSUey's  Black  Snlphar  Spring,  Ohio,  132. 

Smith's  Springs,  Miss.,  06. 

Smith's  Springs,  Tenn.    8«e  Fernvale  Springs. 

Smoky  Valley  Geysers,  Kev.,  200. 

i)DAke  Run  Spring,  Va.,  67. 

Hoowden  Mineral  brings,  Oreg.     See   Payton 

3fineral  Spring. 
Social  mil  Mineral  Spring,  Ky.,  109. 
Soda  Lake,  Cal..  307, 212. 
Soda  Lakes,  Kev.,  30O,  202. 
Soda  Lake«,W70.,  188. 
Soda  Pond,  CaL,  207. 
Soda  Spring.  Wash.  Ter.,  218w 
Soda  Springs,  Nev.,  200. 
Soda  Springs,  Kew  Mex.,  104. 
SodsTille  Springs,  Oreg.,  216. 
Solfstaire,Orag.,216. 

Soar  LakeMinetal  Springs,  Tex.,  120, 128. 
Soar  Springs,  Tex.,  126, 128. 
South  Carolina,  mineral  springs  of,  70, 80. 
Sonihem  Atlantic  States,  mineral  springs  of,  50-87. 
Southern  Central  States,  mineral  springs  of.  87-128. 
South  Park  Springs,  Colo.,  190. 
South  Saratoga  Springs,  Tenn.,  lOL 
Sowder^B  Spring,  Ky.,  100. 117. 
Sparkling  Catawba  Springs,  K.  C,  76. 
Spsrta  Mineral  Wells,  Wis.,  158, 156. 
Spa  Spring,  Md.,5^ 
Spa  Spring,  lir.J.,42. 
Spa  Spring,  W.  Va.,70. 
Spanlding  Springs,  Mo.,  167< 
Speakses  Springs,  Ala.,  90. 
Spenoer  Springs,  K.  T.,  80. 
Springfield  Spring,  Oa..  82. 
Spring  Lake  Magnetic  Well.  Mich.,  146, 149. 
Springs  of  Dos  Palmas,  Cal.,  208, 210. 
Spring  Valley  Springs,  111.,  143, 144. 
Stafford  Springs,  Conn.,  26. 
Stafford  Springs,  Ya.,  57. 
Starin's  Sniphar  Spring,  Wis.,  153. 
Stark  Mineral  Spring,  Conn.,  25. 26. 
Star  Spring  (Saratoga),  N.  Y.,  30,  41. 
Bute  Salt  Springs,  Ark.,  121. 
Steamboat  Springs,  Cal,  20a 
Steamboat  Springs,  Colo.,  190. 
Steamboat  Springs,  Nov.,  200. 
Stephenson's  Springs,  Ala.,  00. 
Stevenaon's  Salphnr  Springs,  Fla.,  86. 
Stewart's  Hot  Springs,  Cal.,  208. 
Stewart's  Springs,  Ala.,  90. 
Bdoe'i  Spring,  Ko.,  166. 


Stinking  Spring,  K.  Mex.,  194. 

Stinking  Springs,  Colo.,  190. 

Stonewall  Springs,  K.  C,  76, 

Storm  Lake  Mineral  Springs,  Iowa.     See  Cham- 

1)erlain  Mineral  Springs. 
Storall's  Spring,  Miss.,  96. 
Strader's  Mineral  Spring,  N.  C,  76. 
Stribling  Springs,  Ya.,  67, 06. 
Strong's  Mill  Spring,  Conn.,  26. 
Strobtia  Mineral  Spring,  Md.,  62. 
Stryker  Mineral  WeU.  Ohio,  132, 183. 
Sudbury  Mineral  Springs,  Yt.,  19. 
Suddnth  3pring,  Ky.,  100. 
Sndley  Springs,  Ya.,  S7. 
Sue  Hot  Springs,  Kev.,  200. 
Sue  Spring,  N.  C,  76. 
Sugar-Loaf  Springs.  Ark.,  121. 
Sullivan's  Mineral  Springs,  Ala.,  90. 
SnlphoChalybeate  Spring,  K.  H.,  17. 
Sulphur  and  Chalybeate  Springs.  Ark..  121. 
Sulphur  and  Chalybeate  Springs,  N.  C,  76. 
Sulphur  and  Chalybeate  Springs,  Ohio.  132. 
Sulphur  and  Chalybeate  Springs,  Ya.,  57. 
Sulphur  and  Iron  Wells,  Howard  Co.,  Iowa,  162. 
Sulphur  Lake,  Unimak  Island,  Alaska,  219. 
Sulphur  Lake,  Wash.  Ter.,  218. 
Sulphur  Mineral  Well,  Ky ..  110, 115. 
Sulphur  Powder  Springs,  HL,  143. 
Sulphur  Spring,  Conn.,  26. 
Sulphur  Spring,  Coohise  Co.,  Aria.,  106. 
Sulphur  Springs,  Ala.,  90. 
Sulphur  Springs,  south   end  of    San  Fernando 

Mountain,  Cal.,  208,  212. 
Sulphur  Springs  (Devil's  Lake).  Dak.,  IGO. 
Sulphur  Springs.  Iowa,  162. 
Sulphur  Springs,  Cloud  Co.,Kan8..  173, 174. 
Sulphur  Springs,  La.,  124. 
Sulphur  Springs,  Mass.,  22. 
Sulphur  Springs,  Pipe  Stone  Co.,  Minn.,  158. 
Sulphur  Springs,  Mo.,  167. 
Sulphur  Springs,  Nev.,  200. 
Sulphur  Springs,  K.  Mex.,  195. 
Sulphur  Springs.  N.  C,  76. 
Sulphur  Springs,  Fayette  Co.,  Tex.,  126. 
Sulphur  Springs.  Hopkins  Co.,  Tex.,  126. 
Sulphur  Springs,  Kussell  Co.,  Va.,  57. 
Sulphur  Well,  Ind.,  137. 
Sulphur  WeU.  Bates  Co.,  Mo..  167. 
Sulphur  Well,  N.  T.,  31. 
Summit  Mineral  Spring,  Me.,  14, 15 
Summit  Soda  Springs,  Cal.,  208,  214. 
Sumterville  Mineral  Spring,  Fla..  h4>. 
Sutherland  Springs,  Tox.,  27. 
Suwannee  Springs,  Fla.,  86. 
Swayne's  Mineral  Spring,  Tenn.    Hre  Artoffinu 

WeU. 
Sweeney's  Springs,  Pa.    See  Caledonia  Sprin jjs. 
Sweet  Chalybeate  Springs,  Va.,  57,  G7. 
Sweet  Springs.  Sandolph  Co.,  Mo.,  107. 
Sweet  Springs,  Saline  Co.,  Mo.,  167,  IG^. 
Sweet  Springs,  W.  Ya.,  70,  73, 
Sweet  Sulphur    Springs,    Mo.     See    Copperas 

Springs. 
Swift's  Hot   Spring^   Nev.     See  Shaw's   Hot 

Springs. 
Swiim^t  Chalybeate  Spring,  Ky.,  UO. 
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T. 

Tahoe  Springs,  CaL,  206. 

Taliaferro  Springs,  Ey.,  110. 

TaUadega  Salphur  Spring,  Ala.,  00, 93. 

Tallabatta  Springs,  Ala.,  90. 

Tally's  Springs,  Va.,  67. 

Tarpon  Springs,  IHa.,  88. 

Tar  Spring,  Lawrence  Co.,  Ala.,  90. 

Tar  Springs,  Dioksoo  Co.,  Ala.,  90. 

Tar  Springs,  Ind.,  137,  189. 

Tar  Springs.  Kans.,  172. 

Tar  Springs,  Ky.,  110. 

Tass%)ara  Hot  Springs,  CaL,  208. 

Tate's  Epsom  Spring,  Tenn.,  102, 105. 

Tawawa  Springs,  Ohio,  132. 

Taylor's  Springs,  Ala.,  91,  04. 

Taylor's  Springs,  Ya.    S^s  Massanetta  Mineral 

Springs. 
Taaevell  Salphnr  Springs,  Va.,  67. 
Tecnmseh  Salphnr  and  Chalybeate  Springs,  Ala., 

91. 
Tellalah  Mineral  Springs,  Wis.,  153, 156. 
Tennessee,  mineral  springs  of,  97-106. 
Terre  Hante  Artesian  Well,  Ind.,  137, 140. 
Terries  Springs,  Tenn.,  102. 
Texas,  mineral  springs  of,  124-128. 
Texas  Sonr  Springs,  Tex.,  127. 
Thermal  Acid  Springs  of  Coso  Bange,Cal.,209,210. 
'  Thermal  Spring,  Utah,  186. 
Thermal  Wells,  Wash.  Tor.,  218. 
Thomas  Mineral  Spring,  Ark.,  121. 
Thomas's  Mineral  WelU,  Ind.,  137. 140. 
Thorp's  Springs,  Texas,  127. 
Three  Springs,  Pa.,  46. 
Thundering  Spring,  Ga.,  82. 
Tllfoid's  Mineral  Well,  Tenn.,  102, 105. 
Tipton  Well,  Miss..  96. 
Todd  Spring,  Ala.,  91. 
Togas  Spring,  Me.,  14. 
Tolenas  Springs,  Cal.,  209, 214. 
Tomlchi  Hot  Springs,  Colo.,  190. 
Trentham  Springs,  6a.,  82. 
Trice's  Salt  Sulphur  Well,  Ky.,  110, 117. 
Trimble  Springs,  Colo.,  190. 
Trinity  Springs,  Ind.,  187, 189. 
Tripp  Springs.  Colo.,  190. 
Triton  Spring  (Saratoga),  X.  Y.,  30, 40. 
Tale  BiTor  Soda  Springs,  Cal.,  209. 
Turkey  Chalybeate  Springs,  Ark.,  121. 
Turner  Springs,  Fla.,  86. 
Tuscan  Springs,  CaL,  200. 
Twin  Springs,  Idaho,  182. 
Twin  Springs,  Mo.,  167. 
Tyree's  Spring,  Tenn.,  102. 

XT. 

UUah  Yichy  Springs,  Cal.,  209. 213. 

Uncompahgre  Springs,  Colo.,  190. 

Undine  Spring,  Utah,  186. 

Union  Spring  (Saratoga),  N.  Y.,  30, 41. 

Union  Springs,  N.  Y.,  81. 

Union  Springs,  Ta.,  57. 

United  States  Spring  (Ballston).  N.  Y.,  27, 33. 

United  States  Spring  (Saratoga),  N.  Y.,  30, 41. 

UnitogaQprtngiiN.H.  Am  Unity  Springs. 


Unity  Springs,  N.  H.,  17, 18. 
Upper  Soda  Springs,  Oreg.,  216. 
Utah,  mineral  springs  of;  185-187. 
^  Utah  Hot  Springs,  Utah,  186.187. 
Utley  Mineral  Spring,  Wia.,  168, 167. 

V. 

Valhemosa  Springs,  Ala.,  91. 

Valine  Sulphur  Springs,  Cal.,  200. 

Valley  View  Springs,  Va.,  57. 

Vallonia  Springs,  N.  Y.,  3L 

Van  Cleave  Mineral  Springs,  Ind.,  137, 140. 

Van  Patten's  Spring,  Ark.,  121. 

Variety  Springs,  Va.,  57.  67. 

Vermont,  mineral  springs  of,  18-21. 

Vermont  Springs,  Vt.,  20. 

Venial  Springs,  Miss.,  96. 

Verona  Mineral  Springs,  N.  Y.,  31, 34. 

Versailles  Mineral  Springs.  Ul..  143,  lU. 

VesU  Spring,  Wis.,  153, 156. 

Vichy  Spring  (Saratoga),  N.  Y.,  30, 41. 

Vichy  Springs  of  New  Almaden,  Cal.,  209, 211 

Viokerman  Springs,  Ind.,  137. 

Victor  Spring,  N.  Y..  81. 

Vienna  Spring,  Me.,  14. 

Vine's  Springs,  Ind.,  187. 

Virgin  Hoc  Springs,  Utah,  186. 

Virginia,  mineral  springs  of,  54-6a 

Virgin  Biver,  Kev.,  200. 

Volcanic  Springs,  Cal.,  209,  214. 

Volcanic  Springs,  Kev.,  200. 

Voris  &  Co.'s  Artesian  Well,  UL,  148. 

W. 

Wabuska  Springs,  If er.,  200. 

Wakulla  Spring,  Fla.,  86. 

WalUwhatoola  Alum  Springs,  Va.,  57, 68 

Walley's  Hot  Springs,  Nov.,  200. 

Walnut  Hill  Mineral  Well,  Ky.,  109, 117. 

Walton  Spring  (Saratoga),  N.  Y.,  30, 41. 

Wamdaska  Lake,  Dak.,  100. 

Ward's  Hot  Spring,  Granite  Mountain,  ll^er.,  200. 

Warm  and  Hot  Springs,  Utah,  186. 

Warm  Spring,  Pla.,  86^ 

Warm  Spring,  near  Granite  Mountain,  Utah,  186; 

187. 
Wann  Springs,  Ark.,  121, 122. 
Warm  Springs,  on  Little  Owen's  Lake,  CaL,  209. 

218. 
Warm  Springs,  Ga.,  88,  80l 
Warm  Springs,  Idaho,  188. 
Warm  Springs,  Md.,  68. 
Warm  Springs,  'Sw,^  200. 
Warm  Springs,  N.  Mex.,  19& 
Warm  Springs,  IT.  C,  76, 78. 
Warm  Sulphur  Springs,  CaL,  200. 
Warm  Sulphur  Springs,  Nov.,  20L 
Warm  Sulphur  Springs,  Bio  Pajarito^  N.  Mex.,19& 
Warm  Salphur  Springs,  Va.,  67, 68L 
Warner's  Banoh  Spring,  CaL,  209L 
Warner's  Spring,  Mich.,  146, 160. 
Warren  Springs,  Vt.,  20. 
Warren  White  Sulphur  Springs,  N.  C,  76. 
Warwick  Neck  Mineral  Springs,  B.  L,  ii. 
Warwick  Spring,  K.  J.,  48^48. 


Digitized  by 


Google 


INDEX. 


235 


Waahington  Bell's  Svlpbnr  Springs,  l^y.,  110 

Washington  Lithia  W«U  (BaUston),  N.  Y.,  27, 33. 

Washington  Springs  (Saratoga),  N.  T.,  80,41. 

Washington  Springs,  Ya.,  67. 

Washington  Territory,  mineral  springs  of,  217, 218. 

Wasson's  Chalybeate  Springs,  HL,  143. 

Waterloo  Mineral  Springs  Ala.,  01. 

Waterloo  Mineral  Well,  Wis.,  153, 157. 

Waterman's  Springs,  CaL,  200. 

Watkins's  Artesian  WeU,  Iowa,  102, 103. 

Watson's  Springs,  Qa. ,  02.         • 

Wayland  Spring,  Ya.,  57,  08. 

Wayland's  Springs,  Tenn.,  102. 

Weaver  Well,  Tex.,  127, 128. 

Webster  Salt  Sulphur  Springs,  W.  Ya..  70. 

Weem's  Springs,  Tenn.  Se4  Bon  Aqua  Spnu|;A. 

Welch  Springs,  La.,  124. 

Weldon  Springs,  Yt.,  20. 

Wellsville  Warm  Springs,  Colo..  100. 

Werner's  Warm  Springs,  Mont.,  170. 

Wessington  Springs,  Dak.,  100. 

Wesson's  Iron  Spring,  Fla.,  80, 87. 

West  Baden  Springs,  Ind.,  137, 141. 

West  Bethel  Spring,  Me.,  14,  15. 

Western  Saratoga  Springs,  SL,  143. 

Western  States,  mineral  springs  of,  175-219. 

West  Xashville  Solphor  Well,  102. 100. 

West  ITewfleld  Spring,  Me.,  14. 

West  Saratoga  Springs,  Ind.,  137, 140. 

West's  Mineral  Spring,  Ala.,  01. 

Weet's  Spring,  S.  C,  80. 

West  Yirginia,  mineral  springs  ot  00-73. 

Whelan's  White  Solphor  and  Mineral  Springs, 

Nov.,  20L 
Whisenant  Chalybeate  Springs,  Ark.,  121. 
White  Cliff  Springs,  Tenn,  102,  100. 
White  Cieek  Springs,  Tenn.,  102, 100. 
White  Pern  Springs,  Tenn.,  102. 
White  Mountain  Mineral  Spring,  N.  H.,  17,  18. 
White  Bock  Spring,  Wis.,  153, 157. 
White  Springs,  Miss.,  90. 
White's  Springs,  Miss.,  90. 
White  Solphor  Mineral  Spring,  Ky.,  110. 
White  Solphor  Spring,  Fla.,  80,  87. 
White  Solphor  Springs,  Ala.,  91. 
White  Solphor  Springs,  Ark.,  121. 
White  Solphor  Springs,  Saint  Helena,  Cal.,  209, 

214. 
White  Solphor  Springs,  Oa.,  82. 
White  Solphor  Springs,  Ind.,  187. 
White  Solphor  Springs,  Ky.,  110. 
White  Solphor  Springs,  La.,  124. 
White  Solphor  Springs,  Miss.,  90. 
White  Solphor  Springs,  Benton  Co.,  Mo.,  107. 
White  Solphor  Springs,  Saint  Clair  Co.,  Mo.,  107. 
White  Solphor  Springs,  Mont,  179, 180. 
White  Solphor  Springs  (Saratoga),  N.  Y.,  80. 
White  Solphor  Springs,  Adams  Co.,  Ohio,  132. 
White  Solphor  Springs,  Allen  Co.,  Ohio,  132. 
White  Solphor  Springs,  Delaware  Co.,  Ohio,  132. 
White  Solphor  Springs,  Oreg.,  210. 
White  Solphor  Springs,  Tenn.,  102. 
White  Solphor  Springs,  Tex.,  127. 
White  Solphor  Springs,  Ya.,  97. 


White  Solphor  Well,  Ky.,  110. 

Wilbor  Springs,  CaL,2o9. 

WUdwood  Springs,  Pa.,  45. 

Wilhoit's  Soda  Springs,  Oreg.,  210, 217. 

Williams's  Mineral  Well,  Ky..  110,  117. 

William's  Solphor  Spring,  Wis.,  153. 

Williamston  SpringH.  S.  C,  80. 

Wilson's  Mineral  WeU,  Tex.,  127. 

Wilson's  Saline  Chalybeate  Spring,  Ky,,  110,  118. 

Wilson's  Springs.  S.  C,  80. 

Wilson's  Thermal  Spring,  Ya.,  57. 

Wilson's  Whit«  and  Bed  Solphor  Springs,  N.  C, 
70. 

Winchell,  Alexander,  on  mineral  springs  of  Mich- 
igan, 145. 

Winchester  Solphor  Springs,  102. 

Windsor  Solphor  Springs,  Md.,  62. 

Winston  Springs,  Miss.,  00. 

Wisconsin,  mineral  springs  of,  151-167. 

Wise's  Spring,  N.  C,  70. 

Witherspoon  Mineral  Springs,  Aric,  121.*, 

Witherspoon  Spring,  Ala.,  01. 

Witter's  Springs,  Cal.,  209. 

Wittsborg  Mineral  Spring,  Ark.,  121. 

Witt's  Springs,  Ark.,  121. 

Wolford's  White  Solphor  Springs,  Pa.,  45. 

Wolf-Trap  Lithia  Springs  (well),  Ya.,57,08. 

WoUey's  Springs,  Ala.,  90. 

Wood's  Springs,  Tenn.,  102. 

Woolley  Springs,  Ark.,  121. 

Wootan  Wells,  Tex.,  127, 128. 

Wyandot  Magnetic  Well,  Ohio,  132. 

Wyandotte  Gas  Wells,  Kans..  172, 175. 

Wyandotte  Spring,  Ind.,  137, 341. 

Wyandotte  White  Solphor  Spring,  Mich.,  140, 150. 

Wyndham  Springs,  Ala.,  91. 

Wyoming,  mineral  springs  of,  183, 184. 

Wyaer's  Spring,  Tex.,  127. 

Wytheville  Springs,  Ya.,  57. 


Yacom  Spring,  N.  H.,  17. 

Yadkin  Mineral  Springs,  N.  C.  70. 

Yates  Mineral  Spring,  Ky.,  110. 

Yates  Solphor  Springs,  N.  Y.,  31. 

Yeager's  Springs,  Tenn.,  102. 

YeUow  Spring,  N.  Y.,  31. 

Yellow  Spring,  Greene  Co.,  Ohio,  132, 184. 

Yellow  Springs,  Clarke  Co.,  Ohio,  132. 

Yellow  Springs,  Pa,,  45. 

Yellowstone  National  Park  Springs,  Wyo.,  184. 

Yellow  Solphor  Springs,  Bloont  Co.,  Tenn.,  102. 

Yellow  Solphor  Springs,  Carter  Co.,  Tenn.,  102. 

Yellow  Solphor  Springs,  Ya.,  57, 08. 

YelTington  Spring,  Ky.,  110. 

York  Solphor  Springs,  Pa.,  4& 

Yoong's  Springs,  Ky.,  110. 

Ypsilanti  Mineral  Springs,  Mich.,  150. 

YpsilanU  Mineral  Well,  Mich.,  140, 150. 


Z. 

Zem  Zem  Springs,  CaL,  200. 
Zodiac  Springs,  Mo.,  107. 
Zonlan  Springs,  HI.,  148, 144^ 
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LETTER  OF  TRANSMITTAL. 


Department  op  the  Intebiob, 
United  States  Gbolootoal  Suevby, 

.  Washington^  D.  0.,  January  4, 1886. 
Sib:  Herewith  I  have  the  honor  to  transmit  a  paper  by  Mr.  J.  S. 
Diller^  ^'  Notes  on  the  Geology  of  l^orthern  California,"  and  I  recommend 
that  it  be  published  as  a  bnlletin  of  the  Geological  Survey.  Daring 
the  last  summer  it  was  my  privilege  to  go  over  a  large  part  of  the  region 
to  which  his  Notes  refer,  and  I  am  entirely  in  accord  with  him  so  far  as 
my  opportunities  for  observation  enabled  me  to  judge.  Mr.  Diner's  in- 
vestigations have  yielded  valuable  results,  and  already  go  &r  towards 
the  elucidation  of  some  of  the  broader  and  primary  geological  problems 
which  are  presented  to  the  north  of  the  northern  end  of  the  Sierra  Ne- 
vada. They  have  resulted  also  in  the  collection  of  a  very  large  amount 
of  detailed  information  of  high  value. 

Very  respectfully,  sir,  your  obedient  servant, 

0.  B.  DUTTON, 
Captain  of  Ordna/nee^  U.  S.  A. 
The  DiBBOTOB  OP  THE  U.  S.  Geologhoal  Subvey. 

(371)  7 


Digitized  by 


Google 


Digitized  by 


Google 


GEOLOGY  OF  NORTHERN  CALIFORNIA. 


Bt  J.  S.  DUiLBB. 


INTBODUOTORY. 

Under  the  general  supervision  of  Oapt.  O.  E.  Datton,  I  have  spent 
three  field  seasons  in  Northern  California  and  Oregon  among  those 
complex  groups  of  mountain  ridges  and  ranges  whose  relations  to  one 
another  have  frequently  been  a  subject  of  discussion,  and  it  is  in  the 
hope  of  throwing  some  light  upon  the  structure  and  connection  of  these 
ranges  that  I  desire  to  note  a  few  observations. 

A  hasty  reconnaissance  of  both  slopes  and  of  most  of  the  prominent 
peaks  of  the  Cascade  Range  was  followed  by  a  more  detailed  examina- 
tion of  Mount  Shasta  and  the  neighboring  elevations  of  the  Coast  and 
SierraNevada  Banges  to  a  little  beyond  the  fortieth  parallel.  The  short 
bat  well  defined  volcanic  ridge  of  Lassen's  Peak  appeared  to  afford  an 
excellent  field  for  studying  some  of  the  important  problems  of  volcan- 
ology,  and  it  was  decided  that  this  range,  with  the  adjacent  portions  of 
the  Sierra  and  Coast  Banges,  should  be  subjected  to  careful  investiga- 
tion. 

While  tracing  the  southern  limit  of  the  lavas  from  this  volcanic  ridge 
a  preliminary  examination  was  made  of  the  northern  portion  of  the 
Sierra  Kevada  Bange,  and  the  results  are  considered  of  sufficient  im- 
portance to  warrant  their  presentation  in  advance  of  a  more  detailed 
study.  The  stratigraphy  of  the  region  is  very  complicated ;  before  it 
can  be  properly  discussed  it  is  necessary  to  consider  not  only  the  gen- 
eral toiK>graphical  features  of  the  country  but  also  the  character  and 
distribution  of  the  rocks  whose  position  in  the  geologic  series  can  be 
most  readily  determined  by  fossils. 

0£I¥BRAL  TOPOCHtAPHIO  DIVISIONS  OF    NORTHERN  CALIFORNIA  AND 

OREGON, 

The  surface  features  of  Northern  California  and  Oregon  may  be 
grouped  into  two  valleys  and  three  mountain  ivanges.  Concerning  the 
extent  of  the  Willamette  and  the  Sacramento  Valleys  all  agree,  but  the 
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limits  between  the  Gaftcade,  Coast,  and  Sierra  Nevada  Banges  have  not 
l>eeii  definitively  ascertained.  The  southern  end  of  the  Cascade  Bange 
is  well  defined  at  Monnt  Shasta,  but  the  boundary  between  the  Sierra 
and  Coast  Banges  is  still  a  matter  of  discussion.  For  reasons  hereafter 
given  we  will  consider  the  northern  end  of  the  Sierra  Nevada  BaDge  to 
be  in  the  vicinity  of  the  North  Fork  of  Feather  Biver,  before  reaching 
Lassen's  Peak.  From  this  point  the  elevation  is  continued  for  about 
fifty  miles  on  the  trend  of  the  Sierras  in  the  Lassen^a  Peak  voleanic  ridge, 
which  terminates  near  Pitt  Biver.  All  else  south  and  west  of  Mount 
Shasta  belongs  to  the  Coast  Bange.  There  appears  to  be  a  want  of  ap- 
propriateness in  including  the  ridges  east  of  the  Sacramento  Biver, 
about  the  headwaters  of  the  McCloud,  in  the  Coast  Bange,  but  it  is  evi- 
dent that  they  are  more  closely  related  geologically  to  the  Trinity  and 
Scott  Mountains  of  the  Coast  Bange  than  to  any  portion  of  the  Sierra 
Nevada  Bange. 

CHARACTER  AND  DISTRIBUTION  OF  THE  CARBONIFEBOUS  LIMESTONE. 

The  presence  of  a  limestone  of  Carboniferous  age  on  the  McGlond 
Biver  was  made  known  many  years  ago  by  Dr.  J.  B.  Trask.  -Prof.  J. 
D.  Whitney  discovered  one  of  the  same  age  near  Pence's  Banch,  and 
also  one  in  Genesee  Valley,  where  it  is  associated  with  strata  contain- 
ing Mesozoic  fossils.^  This  is  the  only  fossiliferons  portion  yet  discov- 
ered in  the  paleozoic  rocks  of  Northern  California,  and  on  this  account 
it  affords  the  most  important  means  available  for  determining  their 
stratigraphic  relations.  It  is  peculiar,  however,  in  being  a  series  of  dis- 
connected, sometimes  widely  separated,  lenticular  masses*  of  various 
dimensions,  instead  of  one  continuous  stratum.  That  this  is  really  the 
case  is  clearly  shown  at  a  number  of  places  where  it  appears  in  the  side 
of  a  canon.  In  the  complete  section  it  is  seen  to  thin  out  and  disappear 
in  ail  directions.  There  are  many  of  these  limestone  lenses  in  North- 
ern California.  I  have  examined  nearly  a  score  of  them,  and  in  more 
than  half  a  dozen  new  localities  have  discovered  fOvSsils,  which  have 
been  submitted  to  Mr.  C.  D.  Walcott  for  identification.  His  results  are 
given  in  the  following  list : 

*  Geol.  Surv.  of  California.    Geology,  vol.  i,  p.  308. 

'  This  peoaUarity  was  noted  by  Prof.  Wbituey.     Ihidf  p.  210. 
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u 


Localities. 


FosBilfl. 


NOBTHBRN  END  OF  SIBRRA  NEVADA  RANGE. 

Western  hose  of  Sierra  Nevada  Range,  Butte  Cowity, 

1  mile  northeast  of  Pence's  Banoh 

W.  Branch  of  North  Fork  of  Feather  Rivera 

Cation  of  Chico  Creek,  16}  miles  east  of  Chico. .. 

Middle  portion  of  Sierra  Nevada  Bange,  PUma$ 
County, 

Divide   between  Yellow  and  Moeqnito  Creeks, ' 
south  of  Hombng  Valley. 

Eaetem  portion  of  Sierra  Nevada  Bange,  Plumas 
County. 

H  miles  northeast  of  Taylorville.. 

li  miles  east  of  Hossellkns',  Genesee  Valley 


BETWEEN  LASSEN'S  PEAK,  VOLCANIC  RANGE,  AND 
MOUNT  SHASTA. 

Cedar  Creek,  between  Buzzards'  Roost  and  Far- 
naceville,  Shasta  Connty. 


Northeastern   base   of  Grizzly   Peak,  Siskiyou 
County. 


Fragments  of  crinoidal  columns. 
Coral,  probably  Zaphrentis  sp.f 
Fragments  of  crinoidal  columns. 


Fragments  of  crinoidal  columns ; 
Lithostrotion  Whitueyi;  Lopho- 
phyllum  pToliferamf;  Spirifera 
sp.f  • 


Fragments  of  crinoidal  columns; 

Bryozoans;  Athyris  subtilita. 
Fragments  of  crinoidal  columns; 

Athyris  or  Terebratula ;  Bellero- 

phon  sp.f 


Fragments  of  crinoidal  columns ; 

Diphyphy  Hum  sp.f;  Spirifera  sp.f; 

Spiriferina  cristata;  Terebratula 

sp.f 
Fnsulina    cylindrica ;    Productus 

semireticulatus ;    Productus   co- 

ra ;  Athyris  royssi. 


a  Professor  Whitney  reports  other  fossils  from  the  same  region.    Geol.  Snrv.  of  Cal.    Geology,  vol. 
.p.  210. 

Besides  the  fossils  enamerated  in  the  above  list,  a  few  were  collected 
at  other  localities,  bat  anfortunately  these  were  lost  before  reachiug  the 
hands  of  a  paleontologist.  Along  Soda  Creek,  a  few  miles  northeast 
of  Lower  Soda  Springs,  near  the  boandary  between  Shasta  and  Siskiyoa 
Gonnties,  a  fossiliferous  limestone  contains  many  branching  and  cylin- 
drical forms  very  like  the  Fusilina  in  the  limestone  near  Grizzly  Peak. 
A  most  important  ontcrop  of  fossiliferqns  limestone  occurs  in  the  Coast 
Bange,  west  of  Shasta  Valley,  along  Willow  Creek,  near  Gazelle  (Ed- 
sons^).  At  this  locality,  among  other  fossils,  was  fonnd  an  excellent 
specimen  of  LithostroUonj  and  I  think  there  can  be  no  donbt  concerning 
the  geological  age  of  the  strata  in  which  it  occurs. 

As  is  well  known,  there  are  many  outcrops  of  limestone  in  the  Sierra 
Nevada  Eange  and  northern  portion  of  California,  and  every  opportu- 
nity was  embraced  to  examine  them  for  fossils  in  order  to  determine 
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their  geological  relations.  In  many  places  the  rock  is  so  metamor- 
phosed as  to  obliterate  all  traces  of  organic  remains,  but  there  is  good 
reason  to  hope  that  fossils  will  yet  be  discovered  in  new  localities.  For- 
tnnately,  the  localities  at  which  fossils  have  already  been  foond  are 
widely  distribated  in  the  central  and  eastern  portion  of  the  Coast  Bange 
as  well  as  in  the  Sierra  Kevada.  In  answer  to  my  inqniries  Mr.  Wal- 
oott  replies : 

As  far  as  I  can  determine  from  the  specimens  submitted,  there  is  no  reason  to  sap- 
pose  the  existence  of  any  other  than  the  Carboniferous  horizon,  althou^  the  lime> 
stone  at  Cedar  Creek  is  probably  low  in  the  formation. 

The  evidence  thns  far  adduced  all  points  in  the  same  directioD,  and 
gives  strong  support  to  the  proposition  that  all  the  limestone  among 
the  metamorphic  rocks  of  Northern  California  is  of  Carboniferoos  age.^ 

8TSUCTUBE  OF  THE  8IBBBA  NEVADA  BANGE. 

The  Sierra  Nevada  Eange  at  its  northern  end  has  a  width  of  about 
80  miles,  extending  from  the  Sacramento  Valley  to  Honey  Lake.  It 
bsis  three  distinct  crests,  which  are  characterized  by  long,  gentle  slopes 
to  the  southwestward  and  short  abrupt  ones  in  the  opposite  direction. 

The  western  crest,  to  which  Claremont  Hill  belongs,  is  near  the  mid- 
dle of  the  range  and  attains  an  altitude  of  about  7,000  feet.  From  this 
point  the  long,  gentle  slope  extends  to  the  Sacramento  Valley  at  an 
elevation  less  than  300  feet  above  the  sea.  It  is  more  or  less  undulat- 
ing and  deeply  canoned  by  numerous  streams.  From  Claremont  Hill 
the  slope  is  abrupt  towards  American  Valley,  which  at  Quincy  has  an 
altitude  of  3,375  feet.  Continuing  to  the  eastward  the  slope  again  rises 
more  gently  to  7,300  feet,  the  middle  crest,  in  which  Hough's  Mountain 
is  a  prominent  feature,  and  then  descends  steeply  to  Indian  Valley  at 
an  elevation  of  about  3,500  feet.  Further  on  the  toj^graphy  is  irregu- 
lar, 4)ut  becomes  an  even  sloi>e,  rising  to  6,000  feet  in  the  summit  of  the 
eastern  crest,  the  bold  escarpment  overlooking  Honey  Lake.  The  out- 
line of  the  Sierra  Nevada  Bange,  as  seen  in  cross-section,  is  snch  as  to 
at  once  suggest  that,  like  the  Basin  Province,'  it  is  composed  of  tilted 
orographic  blocks,  which  are  separated  from  one  another  by  faults.  The 
&ct  that  Indian  Valley  and  American  Valley,  which  are  the  depres- 
sions between  the  crests  of  the  range,  were  occupied  by  lakes  during 
the  Quaternary  or  later  times  greatly  heightens  the  analogy;  but  to 
either  establish  or  disprove  the  hypothesis  suggested  by  the  topography 

*  Prof.  J.  D.  Whitney,  many  years  ago,  thought  it  probable  that  all  the  limestone 
of  the  Sierra  Nevada  Range  is  of  the  same  (Carboniferous)  age.  GeoL  Snrr.  CaL 
Geology,  vol.  i,  p.  388 ;  also,  Aurif.  Gravels,  p.  41. 

As  far  OS  I  am  aware  the  only  limestones  in  California  which  are  not  of  Carbonifer- 
ous age  are  the  Quaternary  calcareous  tufas  of  the  Great  Basin  and  one  of  the  Elnox- 
ville  beds,  referred  to  by  Mr.  Becker  in  his  Notes  on  the  Stratigraphy  of  California. 
U.  8.  Oeol.  Surv.  Bull.  No.  19,  p.  9. 

»Geol.  of  the  Uinta  Mts.,  by  J.  W.  Powell,  p.  7. 
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it  is  necessary  to  examine  the  strati- 
graphy of  the  several  masses.  For 
convenience  in  this  discussion,  the 
three  blocks  will  be  designated 
western,  middle,  and  eastern,  re- 
spectively, according  to  geograph- 
ical position. 

The  older  strata,  of  which  the 
range  is  in  large  part  composed,  are 
highly  inclined  and  considerably 
metamorphosed.  Kear  the  western 
base  of  the  mountain,  as  far  as  I 
have  observed,  the  slates  and  lime- 
stones are  usually  inclined  at  an 
angle  greater  than  65^  to  the  east- 
ward, i.  e.j  towards  the  mass  of  the 
range,  and  if  we  accept  without 
qualification  their  present  order  of 
superposition  as  the  order  of  age, 
we  should  be  obliged  to  admit  that 
from  the  western  base  towards  the 
middle  of  the  range  the  strata  are 
successively  newer.  There  are  good 
reasons,  however,  for  supposing 
that  instead  of  being  newer  they 
are  either  of  approximately  the 
same  age  or  older,  and  that  their 
present  position  is  due  to  an  over- 
throw. The  only  fossiliferous  strata 
which  have  been  recognized  among 
the  metamorphic  rocks  in  the  north 
end  of  the  western  block  occur  near 
its  western  base  in  the  cafion  of 
Chico  Creek,  along  West  Branch, 
and  at  Pence's  Ranch,  where  the 
highly  tilted  limestone  beds  con- 
tain small  crinoid  stems  and  other 
fossils  of  Carboniferous  age.  It  is 
a  significant  fact  that  a  large  por- 
tion of  the  auriferous  slates  lie  east 
of  the  known  outcrops  of  Carbonif- 
erous limestone.  The  broad  belt  of 
metamorphic  strata  upon  the  west- 
ern slope  of  Claremont  Hill  is  suc- 
ceeded to  the  eastward  by  a  mass 
of  granite,  which  forms  th«  western 
oTMt  of  the  range« 
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It  now  we  pass  over  the  middle  block  of  the  range  to  the  eastern  oDe, 
which,  lying  between  Indian  Valley  and  Honey  Lake,  cnlminates  in 
Thompson's  Peak,  we  shall  find  a  corresponding  arrangement.  The 
lower  western  portion  of  the  block  is  made  up  of  highly  tilted  strata, 
among  which  occur  the  limestones,  shale,  and  sandstone  containing  fos- 
sils of  the  Carboniferous  and  Mesozoic  ages.^  To  the  eastwai-d  is  ex- 
posed a  mass  of  stratified  old  volcanic  tufas,  highly  metamorphosed, 
and  succeeded  by  granite,  which  forms  the  greater  portion  of  the  block. 
The  inclination  of  the  strata,  although  variable  in  degree  and  direction, 
is  generally  westward  at  a  high  angle,  and  in  this  respect  differs  from 
the  position  of  the  strata  in  the  western  block. 

The  middle  block,  lying  between  American  and  Indian  Valleys  and 
culminating  in  Hough's  Mountain,  is  narrower  and  the  strata  are  less 
disturbed  than  anywhere  else  in  the  northern  portion  of  the  range.  The 
bold  escarpment  which  faces  Indiaii  Valley  exposes  several  thousand 
feet  of  apparently  conformable  slates,  the  i>osition  of  which  is  very  uni- 
form for  that  region.  Their  strike  is  parallel  to  the  face  of  the  -escarp- 
ment,  and  the  dip  generally  less  than  50^  to  the  westward,  plunging 
beneath  American  Valley.  Near  the  western  foot  of  the  middle  block 
in  American  Valley  a  limestone  occurs  wbicli  has  been  used  quite  exten- 
sively for  lime.  Unfortunately,  I  have  not  had  an  opportunity  to  ex- 
amine this  locality  for  fossils,  but  from  the  facts  that  it  occurs  near 
the  suppressed  western  limit  of  the  block,  as  does  the  known  Carbon- 
iferous of  the  other  two  blocks,  and  is  approximately  on  the  strike  of  a 
limestone  which  outcrops  further  northward  and  contains  Lithostroiian 
with  other  Carboniferous  fossils,  it  appears  tcf  be  highly  probable  that 
it  also  is  of  the  same  age. 

The  recurrence  of  the  same  fossiliferous  strata  in  a  cross-section  of  the 
Sierra  Nevada  Bange  in  exactly  analogous  topographic  and  strati- 
graphic  positions  confirms  the  hypothesis  suggested  by  its  profile,  that 
the  northern  end  of  the  Sierra  NevMa  Range  is  made  up  of  three  oro- 
graphic blocks  separated  from  one  another  and  from  those  of  the  Great 
Basin  by  profound  faults,  and  shows  that  the  Basin  Range. structure  ex- 
tends as  far  west  as  the  Sacramento  Valley.  Mr.  G.  K.  Gilbert^  several 
years  ago  pointed  out  the  characteristic  features  in  the  structure  of  the 
Sierra  Nevada  Range,^  although  Prof.  Joseph  Le.Conte*  had  previously 
called  attention  to  a  profound  fault  along  its  eastern  base  in  the  vicinity 
of  Owen's  Lake.  By  far  the  greater  portion  of  the  range  appears  to  be 
formed  of  one  great  orographic  block,  which  is  continuous  with  the  west- 

»  This  locality  was  first  noted  by  Prof.  J.  D.  Wliitney.  Geological  Survey  of  Cali- 
fornia, vol.  i,  pp.  308, 309. 

•Science,  March  23, 1883,  p.  195. 

^Maj.  J.  W.  Powell  and  Capt.  C.  £.  Dut^n  had  independently  arrived  at  easentiaUy 
the  same  couclusiou  as  Mr.  Gilbert. 

-•Am.  Jour.  Sci.,  vol.  xvi,  p."  101. 
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em  block  of  the  range  at  its  uorthern  terminatioo.  Its  long  gentle  slope 
westward  is  expressed  in  the  drainage  lines,  and  its  eastern  crest  is  the 
divide  between  the  Great  3asin  and  the  Pacific.  Almost  throughout 
its  whole  extent,  the  Sierra  Nevada  faults  are  impassable  to  important 
streams,  but  at  the  northern  end  of  tbe  range,  where  the  number  of 
fault  blocks  is  increased,  the  forks  of  Feather  River  cross  two  of  the  lines 
of  great  displacement.  These  streams,  like  nearly  all  of  those  that  flow 
down  the  western  slope,  are  in  deep  canons.  That  of  the  North  Fork  of 
Feather  Eiver  where  it  crosses  the  western  fault  has  a  depth  of  4,000 
feet,  affording  an  excellent  section  of  the  folded  strata,  and  its  terraces 
indicate  the  character  of  the  uplifting  in  forming  the  mountain  range. 
Structurally  the  Sierra  is  like  the  Great  Basin  Range,  differing  chiefly 
in  the  magnitude  and  in  the  present  elevation  of  the  blocks.  Like  the 
orographic  blocks  of  the  Great  Basin  area,  they  are  composed  of  plicated 
strata,  the  folding  of  which,  as  has  been  pointed  out  by  a  number  of 
observers,  took  place  long  before  the  faulting  that  gave  birth  to  the 
peculiar  features  of  the  rangfes.  It  is  important  to  remember  the  fact 
that  at  the  time  the  strata  of  which  the  Sierra  Nevada  Range  is  com- 
posed were  folded,  i.  e.j  about  the  limits  between  the  Jurassic  and  Cre- 
taceous periods,  the  Sierra  Nevada  Range  was  not  differentiated  from 
the  .continental  mass  of  the  Great  Basin  region,  and  it  was  not  until  a 
very  much  later  period  that  this  separation  occurred. 

AGE  OP  THE  FAULTING  OP  THE  SIEBBA  NEVADA  RANGE. 

The  age  of  the  faulting  which  originated  the  Sierra  Nevada  as  a  dis- 
tinct range  has  not  yet  been  definitely  determined,  but  the  recency  of 
the  dislocations  can  scarcely  be  questioned.  This  is  clearly  shown  by 
the  fact  that  the  amount  of  erosion  upon  the  fault  escarpments  has  been 
very  slight.  As  in  the  Great  Basin,  the  faults  in  the  northern  portion 
of  the  Sierra  Nevada  Range  have  given  rise  to  lakes  upon  the  depressed 
border  of  the  blocks,  but  whether  th^se  lakes  existed  during  the  Qua- 
ternary period  or  are  more  recent  has  not  yet  been  ascertained.  At  the 
present  time  the  lakes  have  entirely  disappeared,  and  their  beds  are 
the  most  fertile  lands  of  the  whole  region.  That  the  displacements  .are 
comparatively  recent  is  indicated  also  ]}y  their  relation  to  the  lavas.  It 
appears  that  the  dislocations  along  the  eastern  side  of  the  two  lateral 
blocks  of  the  range  have  extended  into  the  lavas  of  the  great  volcanic 
field  about  Lassen's  Peak,  and  if  the  age  of  the  fractured  lavas  can  be 
determined  the  period  of  the  Sierra  displacements  can  be  more  nearly 
ascertained.  While  it  is  possible  that  the  faulting  may  have  continued 
through  a  long  period,  it  is  evident  that  most  of  the  movement  occurred 
since  the  great  volcanic  effusions  in  that  region.  According  to  Profs. 
J.  D.  Whitney^  and  Joseph  Le  Conte*  these  took  place  among  the  clos- 

»  Amer.  Jour.  Soi.,  Sept.,  1864;  alscr,  Auriferous  Gravels,  p.  74. 
'Amer.  Jour.  8ci.,  vol.  xix,p.  188. 
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ing  events  of  the  Pliocene^  or  the  beginniug  of  the  Quaternary, and  as 
far  as  my  observations  have  extended  I  have  no  reason  to  difiTer  ma- 
terially from  this  conclasion.  Tlie  faulting  of  the  Sierra  probably  com- 
menced about  that  time,  and,  if  we  may  accept  small  earthquakes  as 
evidence,  it  is  still  in  progress.' 

AGE  OF  THE  AUBIFEBOUS  SLATES. 

There  is  considerable  difference  of  opinion  concerning  the  age  of 
the  auriferous  slates,  but  there  is  no  good  reason  whatever  for  dissent- 
ing from  the  view  generally  accepted  that  at  least  a  portion  of  the 
auriferous  slates  are  Mesozoic.  The  fact  that  the  Garboniferous  limestone 
is  intimately  associated  with  the  gold-bearing  slates  about  the  northern 
end  of  the  Sierra  Nevada  Range  suggests  that  a  portion  of  these  may 


^  In  the  neighborhood  of  Pence's  Ranch  the  auriferous  gravelu  are  distinctly  over- 
laid by  stratified  deposits  which  Professor  Whitney  regarded  as  Upper  Pliocene  (Greol. 
Surv.  of  Cal.,  vol.  i,  p.  211).  A  few  imperfect  leaf  impressions  were  collected  from 
these  strata  and  submitted  to  Prof.  L.  F.  Ward  for  examination.  One  of  the  speci- 
mens has  been  doubtfully  determiued  cis  Ciuuamomum  or  Palluras,  and  Professor 
Ward  remarks,  "  If  it  were  certain  that  the  specimen  is  either  Cinnamomnm  or  Palin- 
ruSy  I  should  say  that  it  could  scarcely  have  come  from  a  higher  horizon  than  the 
Miocene  and  more  likely  from  a  lower.  But  the  specimen  may  possibly  represent  a 
Popnlns  unlike  any  modern  form.  A.t  any  rate  I  would  not  have  been  surprised  at 
J  ust  such  a  collection  from  the  Eocene  or  Laramie  Group."  That  the  strata  containing 
the  leaf  impressions  overlie  the  auriferous  gravels  at  the  Cherokee  mine  near  Pence's 
Ranch  there  can  be  no  question.  Professor  Whitney  showed  that  the  aariferous 
gravels  probably  re))re8ent  the  whole  of  the  Tertiary  (Aurif.  Qravels,  p.  283),  and  may 
it  not  be  possible  that  the  old  stream  be<l  of  the  Cherokee  mine  is  Eocene  or  Miocene  f 
In  the  same  vicinity  the  Tertiary  strata  overlie  the  rocks  of  the  Chico  Group,  and  the 
two  series  of  strata  are  almost,  if  not  altogether,  conformable.  Dr.  C.  A.  White,  who 
visited  the  region  lately,  is  of  the  impression  that  the  strata  referred  to  are  not  older 
than  the  Upper  Pliocene.  All  that  can  be  definitely  stated  at  present  concerning  the 
strata  containing  the  leaf  impressions  is  that  they  are  more  recent  than  strata  known 
to  belong  to  the  Chico  Group,  and  that  their  flora,  as  far  as  Professor  Ward  can  judge 
from  the  few  imperfect  specimens  at  hand,  has  a  pre-PIiocene  aspect.  The  great  vol- 
canic outburst  in  the  vicinity  of  Lassen's  Peak  succeeded  the  deposition  of  these  strata 
of  questionable  age,  probably  occurring,  as  stated  above,  about  the  close  of  the  Plio- 
cene. 

'Small  earthquake  shocks  are  frequently  felt  about  the  northern  end  of  the  Sierra 
Nevada  Range,  especially  in  the  vicii^ty  of  the  fault  scarps.  Prof.  Joseph  Le  Conte 
(Am.  Jour.  Sci.,  vol.  xvi,  p.  101)  regarded  the  Inyo  earthquake  in  1872  as  almost  cer- 
tainly due  to  a  slight  readjustment  along  the  eastern  fault  of  the  Sierra  near  Owen's 
Lake.  Some  unpublished  observations  by  I.  C.  Russell  and  W  J  McGee  show  that 
there  has  been  actual  post-Quaternary  displacement  near  the  eastern  base  of  the 
Sierra. 

There  is  evidence  of  a  slight  post*  Quaternary  elevation  of  the  Lassen's  Peak  volcanic 
ridge  along  an  interesting  monoclinal  fold  which  marks  the  limit  between  the  Pied- 
mont region  of  the  range  and  the  Sacramento  Valley,  a  few  miles  east  of  Red  Bluff. 
The  displacement  is  less  than  a  hundred  feet  and  the  latest  yet  discovered  in  that 
region,  but  does  not  properly  belong  to  movements  of  the  Sierra  Nevada  Range,  as  tb« 
fold  runs  out  to  the  southward  before  i^eaching  the  limit  of  tlM  voleaDla  tufas. 
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belong  to  Paleozoic  or  older  formations.^  The  lenticular  character  of 
the  limestone  and  the  complex  plications  of  the  strata  among  which  it 
occurs  render  it  very  difficult  to  determine  in  most  cases,  without  fossils, 
whether  the  slates  are  above  or  below  the  limestone.  I  have  already 
suggested  that  it  appears  to  be  a  somewhat  significant  fact  that  a  large 
portion  of  the  auriferoas  slates  lie  east  of  the  known  outcrops  of  the 
Carboniferous  limestone  near  the  western  base  of  the  range.  The  fold- 
ing of  the  strata  brought  them  at  many  places  into  an  approximately 
vertical  position.  At  the  time  of  the  subsequent  faulting  the  eastern 
edge  of  the  largest  block  was  so  elevated  as  to  make  the  strata  which 
were  formerly  vertical  dip  steeply  to  the  eastward,  and  in  this  manner 
strata  upon  the  western  slope  of  the  Sierra  Nevada  Range  may  have 
been  made  to  overlie  more  recent  ones  nearer  its  base.  This  explana- 
tion is  suggested  simply  to  show  that  the  present  eastern  inclination  of 
the  strata  upon  the  western  slope  of  the  range  does  not  militate  against 
the  view  that  a  portion  of  the  auriferous  slates  are  more  ancient  than 
the  Carboniferous  limestone. 

Mr.  Clarence  King*  called  attention  to  the  great  thickness  of  Paleozoic 
littoral  deposits  of  the  Great  Basin  region  and  inferred  the  existence  of 
a  large  land  mass  farther  westward  from  which  these  sediments  were 
derived.  Prof.  Joseph  Le  Conte  has  argued  that  upon  the  marginal 
sea-bottom  bordering  the  western  shore  of  this  ancient  Paleozoic  and 
Mesozoic  land  were  laid  down  a  great  accumulation  of  sediments,  out  of 
which  the  Sierra  Nevada  Bange  has  been  formed.^  It  was,  therefore, 
with  great  interest  that  I  examined  the  eastern  escarpments  of  the 
great  fault-blocks  of  the  Sierra  Nevada  Bange,  in  the  hope  of  being  able 
to  demonstrate  the  presence  or  absence  of  a  considerable  thickness  of 
strata  older  than  the  Carboniferous  limestone.*  The  stratified  rocks  of 
the  eastern  and  western  blocks  of  the  Sierra  Nevada  Bange  are  highly 
contorted,  and  the  eastern  escarpments  are  formed  of  granite,  but  in  the 
middle  block,  lying  between  American  and  Indian  Valleys,  the  strata, 
although  tilted,  are  not  so  profoundly  plicated.  The  bold  escarpment 
facing  Indian  Valley,  as  has  already  been  stated,  exposes  thousands  of 
feet  of  apparently  conformable  auriferous  slates  which  dip  steeply  west- 
ward beneath  the  supposed  Carboniferous  limestone  of  American  Valley. 
These  strata  are  so  slightly  metamorphosed  as  to  encourage  the  ho])e 
of  finding  fossils  in  them,  and  I  was  greatly  disappointed  in  having  to 

'  Note  Bar  la  O^logie  de  la  Californie,  par  M.  Jules  Marcon.  BqU.  de  la  Soo.  g^l. 
de  France;  3"*«  e.,  tome  xi,  p.  407. 

«  Geol.  Exp.  of  the  Fortieth  Parallel.    Syst.  Geol.,  vol.  i,  p.  534. 

•Am.  Jour.  Sci.,  Ill,  vol.  iv,  p.  460,  and  vol.  xvi,  p.  103. 

*  Professor  Whitney  remarks  that  the  age  of  the  bed  rock  series  can  be  set  down 
with  certainty  as  being  nowhere  more  recent  than  Jurassic,  and  that  it  is  not  impos- 
sible but  quite  improbable  that  any  portion  of  the  metaroorphie  belt  of  the  Sierra 
may  prove  to  be  older  than  the  Carboniferous  (Anrif.  Gravels,  p.  314).  Mr.  Gr<»rjje 
F.  Becker  noted  sandstones  bolow  and  y>robably  ohler  than  the  Carbon iferoiiH  lime- 
stone of  the  McCloud  River  (U.  8.  Geol.  Surv.  Bull.  l9,  p.  21). 
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give  ap  a  brief  but  fruitless  search.  Nevertheless,  the  stratigraphic  re- 
lations are  such  as  to  render  it  very  probable  that  at  this  point  Aere  is 
a  great,  thickness  of  Paleozoic  strata  exposed  and  that  a  large  part  of 
the  gold-bearing  slates  are  older  than  the  Carboniferous  limestone.^ 

GENERAL  DISTRIBUTION  OP   THE  HETAMOBPHIO,  VOLCANIC,  AND  CRE- 
TACEOUS BOCKS. 

There  are  in  Northern  California  two  large  areas  of  metamon)hosed 
Mesozoic  and  Paleozoic  rocks.  The  one  occupies  the  northwestern 
corner  of  the  State,  entering  from  Oregon  and  extending  as  far  south- 
east as  Pitt  Biver ;  this  area  is  insular  in  its  relation  to  later  f onqa. 
tious.  The  other  is  of  continental  dimensions,  stretching  into  California 
from  Nevada,  and  embraces  the  whole  region  of  the  Sierra  Nevada 
Bange.  The  great  faults  of  this  range  run  out  in  the  vicinity  of  the 
North  Fork  of  Feather  Biver,  apparently  vanishing  through  short  mono- 
clinal  folds  where  the  platform  of  ancient  metamorphic  rocks  is  grad- 
ually depressed  northwesterly,  and  disappears  beneath  the  lavas  of  the 
great  volcanic  field.  Continuing  in  the  same  direction,  these  rocks  re- 
appear upon  the  surface  near  Pitt  Biver,  and  form  the  insular  area  to 
which  reference  has  already  been  made.  Concerning  the  depth  of  the 
depression  in  the  metamorphic  rocks  between  the  two  areas  now  ex- 
posed we  have  but  little  knowledg^e;  however,  there  is  no  reason  as  far 
as  I  am  aware  for  supposing  it  to  be  very  great. 

Following  the  trend  of  the  Sierra  Nevada  Bange  northward  from  the 
North  Fork  of  Feather  Biver  to  Pitt  Biver  we  find  a  volcanic  ridge 
made  up  of  numerous  adjoining  cones,  among  which  Lassen^s  Peak  is 
most  prominent.  This  ridge  has  been  designated  Lassen's  Peak  volcanic 
ridge,  and  is  composed  almost  exclusively  of  accumulated  lavas  rising 
to  an  average  elevation  of  over  5,000  feet,  with  several  peaks  above 
8,000  feet  in  altitude.  The  numerous  craters  of  various  magnitudes  are 
irregularly  distributed,  and  no  definite  relation  to  the  lines  of  great  dis- 
placement in  .the  Sierra  Nevada  Bange  is  apparent.  In  fact,  as  has  al- 
ready been  shown,  the  great  faulting  occurred  towards  the  close  of  the 
period  of  greatest  volcanic  activity.  To  the  north  and  northeastward  of 
this  volcanic  range  the  recent  lavas  stretch  far  into  Oregon,  Idaho,  and 
Washington  Territory. 

Mr.  Becker  and  others  have  called  attention  to  the  great  unooD- 

^  Professor  Whitney  refers  to  the  fossils  found  in  Genesee  Valley  in  demohatiatiiig 
that  a  large  part  of  the  auriforons  slates  are  Mesozoio  (Aarif.  Gray.,  p.  309).  These 
slates  in  Hough's  Mountain  ridge,  upon  the  southwestern  side  of  Indian  Valley,  aie  re- 
garded by  miners  as  the  *^  home  of  the  mother  ledge  "  of  that  country,  and  being  ap- 
parently older  than  the  Mesozoic  strata  containing  the  fossils  are  separated  &om  them 
by  a  profound  displacement. 

Dr.  White  asserts  that  the  auriferous  slate  series  is  known  to  include  strata  of  Ca^ 
boniferous  age  and  some  that  are  apparently  older.  Notes  on  the  Mesoxoic  and  Oeno- 
zoic  Paleontology  of  California,  U.  8.  G.  F.  Bull.  No.  15,  p.  25, 
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formity  between  the  rocks  of  the  Ohico  Oroap  and  those  upon  which 
they  rest.  The  geography  of  our  western  coast  daring  the  deposition 
and  plication  of  the  older  strata  is  a  matter  concerning  which  we  have 
as  yet  bat  little  knowledge.  Its  development  is  first  distinctly  ontlined 
in  the  rocks  of  the  Ohico  epoch.  These  rocks  are  generally  fossiliferoos, 
and  their  identification  is  a  matter  of  no  great  difflcalty.  They  are  ex- 
posed at  many  points  along  the  western  base  of  the  northern  portion  of 
the  Sierras,  and  are  either  horizontal  or  dip  away  from  the  mountain  at 
a  very  low  angle.  In  the  latitude  of  Oroville  the  rocks  of  this  group 
rise  to  an  elevation  of  800  feet  above  the  sea.  Farther  north  ward,  along 
Cliico  Greek,  they  reach  1,700  feet,  and  continuing  in  the  same  direction 
the  elevation  becomes  greater.  Two  miles  east  of  Montgomery  Greek, 
on  the  road  from  Bedding  to  Bumey  Valley,  they  have  an  elevation  of 
over  2,400  feet.  At  this  i)oint  they  are  coarse  deposits,  evidently  formed 
near  a  shore  which  lay  a  short  distance  to  the  northwest  in  the  vicinity 
of  Pitt  Biver.  They  dip  eastward,  disappearing  beneath  the  Lassen's 
Peak  volcanic  ridge,  and  very  probably  connect  beneath  the  great  lava 
fields  with  the  rocks  of  the  same  age  in  Shasta  Valley  and  Grooked  River 
in  Oregon  east  of  the  Gascade  Bange.^  In  the  northwest  part  of  Shasta 
Valley,  besides  the  fossiliferous  sandstone,  there  are  coarse  shore  de- 
positq  of  the  same  age  clinging  upon  the  sides  of  the  Scott  Mountains 
and  reaching  far  up  towards  their  summits.  The  distribution  of  the 
rocks  of  the  Ghico  Group  clearly  indicates  that  during  the  Ghico  epoch 
the  northwestern  portion  of  Galifomia,  with  the  adjacent  part  of  Oregon, 
embracing  the  Trinity,  Salmon,  Scott,  Siskiyou,  and  other  mountain 
ridges  of  the  Gpast  Bange,  was  a  large  island,  separated  from  the  stiU 
larger  continental  land  mass  of  the  same  strata  in  the  Great  Basin  and 
Sierra  region  by  a  wide  strait  now  bridged  over  by  the  Lassen's  Peak 
volcanic  lidge. 

BELATION  OF  THE  SIEBBA,  OGAST,  Am>  OASOADE  RANGES. 

The  geography  of  the  western  coast  daring  the  Ghico  epoch  enables 
as  to  define  sharply  the  limits  between  the  Sierra  IS'evadaand  the  Goast 
Banges.  The  former  has  been  from  its  inception  joined  to  the  continental 
land,  while  the  latter  embraces  all  the  ridges  developed  out  of  the  ere- 
taoean  island,  and  the  Lassen's  Peak  volcanic  ridge  separates  them. 
Both  ranges  contain  plicated  Paleozoic  as  well  as  Mesozoic  strata.  The 
Coast  Bimge  received  large  tertiary  additions  not  represented  in  the 
Sierras,  but,  on  the  other  hand,  the  latter  was  differentiated  from  a  con- 
tinental mass  by  the  development  of  a  peculiar  strnctare  not  yet  recog- 
nized in  the  Goast  Bange.  The  relation  between  the  Goast  and  the 
Cascade  Banges  is  not  so  sharply  defined,  but  when  we  consider  their 

^  Mr.  Engene  Ricksecker;  a  topographer  of  the  Geological  Surrey;  informs  me  that 
lie  olMerved  a  number  of  fossils  where  a  well  had  been  recently  dug  a  short  distance 
north  of  Rhett  Lake,  Oregon,  and  it  is  possible  that  the  locality  may  afford  fossils  of 
the  Chico  gronp. 
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widely  diverse  modes  of  ori^n  tbeir  liiuitatioirnsr  not  a  matter  of  so 
great  difflcalty.  South  of  the  Ro^ue  River  Valley  the  crelacean  island 
lay  completely  west  of  tbe  position  now  occupied  by  the  Oascade  Bange. 
To  the  northward  its  extension  is  but  partially  known.  Near  the  sam- 
mit  of  the  Cascade  Bange,  upon  its  western  slope,  about  half  a  dozen 
miles  from  Mount  Hood,  is  a  large  mass  of  coarsely  crystalline  eruptive 
rock,  closely  related  to  the  gabbros.  A  similar  rock  occurs  near  tbe 
western  base  of  the  ran^e,  8  miles  east  of  Lebanon,  and  Mr.  Becker' 
has  said  that  east  of  Boseberg  granite  and  metamorphic  rocks  occur 
about  the  headwaters  of  the  Umpqua.  Such  rocks  make  up  the  Coast 
Bange  west  of  Mount  Shasta,  and  it  may  be  that  they  form  an  elevated 
foundation  for  a  considerable  portion  of  the  Cascade  Bange  between  tbe 
headwaters  of  Bogue  Biver  and  Mount  Hood,  but  this  is  rendered  less 
probable  by  the  complete  section  along  the  Columbia  Biver,  where  tbe 
range  is  cut  across  nearly  to  the  sea  level,  showing,  according  to  Le 
Conte,2  that  it  is  composed  almost  wholly  of  modem  lavas  resting  upon 
undisturbed  strata  of  Miocene  age.  The  excellent  section  of  thesontb- 
ern  portion  of  the  range  afforded  by  the  Klamath  River  shows,  at  least 
Rs  far  as  I  have  observed,  that  it  is  made  up  at  that  point^  completely 
of  recent  eruptive  rocks. 

Between  the  Siskiyou  Mountains  and  the  Cascade  Bange,  in  Soi^theiD 
Oregon,  as  Whitney  has  shown,*  the  Cretaceous  strata  of  the  narrow 
belt  are  highly  tilted.  They  dip  eastward  beneath  that  portion  of  tbe 
Cascade  Bange,  as  do  those  of  Shasta  Valley  as  well,  and  probably  con- 
nect with  the  rocks  of  the  same  age  east  of  the  Cascade  Bange.  Tbe 
apparently  complete  absence  of  older  rocks  in  the  Klamath  Biver  canon 
through  the  Cascade  Bange  and  the  relation  of  the  Cretaceous  strata  on 
both  sides  of  the  range  indicate  clearly  that  the  region  now  occupied  by 
the  southern  portion  of  the  Cascade  Bange  was  beneath  the  sea  during 
the  Chico  epoch.  As  far  as  is  definitely  known  the  Cascade  Bange  was 
not  represented  by  a  ridge  of  older  metamorphic  rocks  which  were 
folded  and  upheaved  at  the  same  time  with  the  Sierra  and  older  portion 
of  the  Coast  Bange,  and  is  entirely  distinct  from  them  in  structure  and 
origin.  On  the  contrary,  however,  tbe  region  occupied  by  it  as  well  as 
the  short  range  north  of  Lassen's  Peak  are*  but  parts  of  the  great  vol- 
canic field  that  occupies  the  area  which  during  the  Chico  epoch  was  one 
of  depression  between  the  island  and  the  continent.* 


'  IJ.  S.  Geol.  Sarv.  Bull.  No.  19,  p.  20. 

'Amer.  Jour.  Sol.,  Ill,  vol.  vii,  pp.  167,259. 

3  Two  miles  below  Shovel  Croek,  on  the  left  bank  of  the  Klamath  Eiver,  by  the 
road  from  Yreka,  Cal.,  to  Linkville,  Oreg.,  in  a  ledge  of  gray  rock  which  in  the 
field  I  regarded  as  one  of  the  metamorphic  slate.s,  but  under  the  microscope  it  is  seen 
to  be  a  lava. 

*Geol.  Surv.  of  Cal.,  vol.  i,  page  354. 

*See  Dr.  White's  remarks,  "Notes  on  the  Mesozoic  and  Cenozoic  Paleontology  of 
California,"  U.  S.  G.  S.  Bull.  No.  15,  p.  31. 
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CONCLUSIONS. 

The  points  to  which  it  is  desired  to  call  especial  attention  may  be 
briefly  sammarized  as  follows: 

It  appears  that  all  the  limestone  amon^^  the  metamorphic  rocks  of  the 
Coast  and  Sierra  Nevada  Banges  is  of  Carboniferous  age. 

The  northern  portion  of  the  Sierra  Nevada  Bange,  like  that  of  the 
Great  Basin,  isL  composed  of  tilted  orographic  blocks  separated  from  one 
another  by  great  faults. 

The  greater  portion  of  the  range  is  formed  by  one  of  these  blocks, 
with  a  short  abrupt  slope  towards  the  Great  Basin  and  a  long  gentle 
slope  in  the  opposite  direction. 

The  displacements  by  which  the  Sierra  Nevada  Bange  was  separated 
from  the  Great  Basin  land  mass  probably  began  about  the  close  of  the 
Tertiary,  and  may  be  yet  in  progress. 

A  large  portion  of  the  auriferous  slate  series  is  apparently  older  than 
the  Carboniferous  limestone. 

During  the  Chico  epoch  a  large  part  of  the  region  now  occupied  by 
the  Coast  Bange  was  aq  island  separated  by  a  wide  strait  from  the  con- 
tinental mass  to  which  the  Sierra  Nevada  Bange  belonged,  which  strait 
has  since  been  filled  by  the  lavas  of  the  Lassen's  Peak  volcanic  ridge. 

As  far  as  is  definitely  known,  the  Cascade  Bange  was  not  represented 
by  a  ridge  of  metamorphic  rocks  corresponding  to  the  Sierra  and  Coast 
Banges,  but  belongs  rather  Jx)  the  great  volcanic  field  which  now  oc- 
cupies the  area  once  depressed  between  the  cretacean  island  and  the 
coDtinent.  « 


ADDENDUM. 


While  completing  the  survey  of  the  Lassen's  Peak  volcanic  belt  dur- 
ing ^he  field  season  of  1886,  much  additional  evidence  was  obtained 
supporting  the  views  expressed  in  this  paper.  Geologically  consid- 
ered, Lassen's  Peak  belongs  to  the  Cascade  Bange,  and  several  of  the 
foregoing  assertions  should  be  somewhat  extended. 

Mr.  Walcott  has  examined  a  few  fossils  from  Willow  Creek,  a  locality 
referred  to  on  page  11.  He  identified  the  following  forms:  Lithostro- 
tion  njamillare,  Terebratula,  Pleurotomaria,  Orthoceras,  Zaphrentis, 
Favosites,  and  crinoidal  columns. 

Some  fossils  recently  collected  near  Bhett  Lake  do  not  belong  to  the 
Chico  group  but  to  a  much  later  horizon. 

OOTOBEB  14, 1886. 
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RELATION  OF  THE  LARAMIE  MOLLUSCAN  AND 
FRESH-WATER  EOCENE  FAUNAS. 


By  Charles  A.  White,  M.  D. 


GENERAL  REMARKS. 

Oertain  equivalent  strata  which  are  found  exposed  at  various  and 
widely  separated  localities  in  TJtah  and  Southern  Wyoming  containing 
fresh-water  types  only  among  their  fossil  molluscan  forms,  have  for  sev- 
eral years  past  been  known  to  contain  a  few  species  which  are  else- 
where characteristic  of  the  Laramie  Group.  At  a  few  of  the  localities 
referred  to  the  strata  have  been  regarded  as  belonging  ito  the  Laramie 
Oroup,  but  generally  they  have  been  assigned  to  the  base  of  the  fresh- 
water Eocene  series.  Ko  difference  of  opinion  seems  to  have  existed 
among  the  geologists  who  have  observed  them  as  to  their  position  in 
the  stratigraphical  series.  They  seem  to  have  differed  only  in  regard 
to  the  position  of  a  plane  of  demarkation  which  should  separate  them 
from  the  unmistakable  Laramie  strata  beneath.  The  strata  which  arc 
found  exposed  at  the  following-named  localities  are  especially  referred 
to  in  the  following  remarks:  The  vicinity  of  the  town  of  Wales,  the 
valley  of  Twelve  Mile  Greek  east  of  Mayfield,  the  west  base  of  Musinia 
Mountain— all  in  the  large  county  of  San  Pete,  TJtah;  Soldier's  Fork, 
Utah  County,  Utah;  Desolation  Canon  of  Green  River,  Eastern  Utah; 
and  near  Evanston,  Southwestern  Wyoming.  Besides  these,  certain 
localities  near  Panguiti^h  and  Upper  Kanab,  respectively,  in  Southern 
Utah,  ought  also  to  be  mentioned. 

Not  having  had  until  the  past  season  a  satisfactory  opportunity  to 
study  the  strata  at  any  of  the  localities  just  mentioned,  I  have  hereto- 
fore regarded  them  as  bel6nging  to  the  upper  part  of  the  Laramie  Group, 
because  of  the  presence  in  them  of  the  Laramie  species  referred  to. 
Investigations  in  Utah  during  the  past  season,  together  with  a  further 
study  of  the  collections  which  were  previously  made  in  that  region  by 
different  parties  of  the  Government  surveys,  have  satisfied  me  that  the 
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strata  of  the  localities  which  have  jast  been  named,  although  they  cou 
tain  those  Laramie  species,  are  all  equivalent  portions  of  the  Wasatch 
Oroup,  the  lowest  group  of  the  purely  fresh-water  Eocene  series. 

Id  the  prosecution  of  my  field  studies  during  the  past  season  more 
especial  attention  was  given  to  the  strata  which  were  found  exposedin 
San  Pete  Valley  apd  the  adjacent  portion  of  the  Wasatch  Mountains. 
My  principal  collections  of  Wasatch  fossils  were  also  made  from  these 
strata,  mainly  near  the  town  of  Wales,  in  the  hills  which  form  the  wcst^ 
ern  side  of  San  Pete  Valley.  In  that  vicinity  these  hills  are  composed 
from  base  to  summit  of  strata  of  the  Wasatch  Group,  which  there  reach 
an  estimated  thickness  of  about  2,500  feet.  The^  strata  consist  of 
sandstones,  shales,  marlites,  and  a  few  layers  of  impure  limestone, 
resting  upon  a  very  coarse  conglomerate  which  forms  the  base  of  the 
hills,  all  evidently  forming  one  uninterrupted  series  from  bottom  to 
top.^ 

The  base  of  the  Wasatch  Group  v/as  not  recognized  at  this  locality, 
but  it  is  probably  not  much  beneath  the  surface  of  the  valley  here. 
Some  two  or  three  hundred  feet  above  the  conglomerate  there  is  a  bed 
of  coal,  which  has  been  worked  at  several  points,  the  openings  being 
known  as  the  Wales  Coal  Mines.  The  fossils  which  were  collected  from 
these  strata  were  found  at  different  horizons,  ranging  from  about  100 
feet  beneath  the  coal  to  the  top  of  the  hills,  the  vertical  range  of  the 
fossil-bearing  strata  being  more  than  1,500  feet.  I  have  recognized  26 
species  of  invertebrate  fossils  which  were  obtained  hei*e,  all  plainly 
belonging  to  one  and  the  same  fauna,  and  in  a  layer  immediately  above 
the  coal  some  undetermined  vertebrate  remains  were  found. 

Some  of  these  invertebrate  forms  are  common  in  the  Wasatch  Group 
elsewhere ;  three  or  four  of  them  are  known  to  occur  also  in  the  Green 
Ei  ver  Group ;  some  of  them  are  characteristic  Laramie  species^  and  some 
of  them  are  new.  A  part  of  them  have  also  been  found  at  the  Almy 
Coal  Mines,  near  Evanston,  Wyo.,  and  a  part  were  found  by  Major 
Powell  in  Desolation  Gafion ;  others  at  localities  in  Southern  Utah  and 
at  the  west  base  of  Musinia  Mountain ;  a  part  were  found  by  Mr.  E.  B. 
Howell  at  Twelve  Mile  Creek,  and  one  of  them  is  apparently  identical 
with  a  form  which  Professor  Cope  obtained  from  his  Pueroo  Group  in 
Kew  Mexico. 

The  equivalentsof  thestrat^wbichareexposcdnearthe  town  of  Wales 
are  also  largely  exposed  in  the  Wasatch  Mountains  upon  the  east  side 
of  San  Pete  Valley,  and,  as  is  mentioned  further  on,  those  strata  are 
there  found  to  rest  conformably  upon  the  Laramie.  It  is  worthy  of 
note  in  this  connection  that  the  Laramie  strata  upon  which  these  fipesh- 
water  Eocene  strata  rest  are  referable  to  the  Laramie  proper,  and  not 

^  This  conglomerate  is  probably  a  part  of  the  great  Wasatch  conglomerate  which  is 
so  largely  exposed  in  the  valley  of  Weber  Biver,  in  Echo  Ca&on,  and  elsowheie  in 
Southern  Utah. 
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to  the  strata  known  as  the  Bear  Eiver  Laramie,  npon  which  the  Wasatch 
apparently  lies  anconformably  in  the  vicinity  of  Evanston.^ 

The  following  is  a  list  of  the  species  which  were  collected  at  the 
Wales  locality.  They  are  tabulated  so  as  to  show  in  part  the  localities 
and  the  different  horizons  at  which  they  have  been  recognized.  Those 
species  which  are  indicated  in  the  table  as  ranging  from  the  Laramie 
into  the  Wasatch  Group  have  been  fonnd  mainly  in  the  lower  portion 
of  the  latter  gronp,  bnt  some  of  them  range  more  than  500  feet  above 
the  coal  at  the  Wales  locality,  which  is  more  than  1,000  feet  above  the 
base  of  the  group.  Furthermore,  a  small  number  of  the  species  found 
in  the  Wasatch  strata  at  the  Wales  locality  are  known  to  range  into 
the  Green  River  Group,  and  one  at  least  into  the  Bridger  Group.  To 
this  list  is  added  the  Helix  and  the  Pupa  which  were  obtained  by  Pro- 
fessor Cope  from  his  Puerco  Group  in  New  Mexico.  Some  of  the  names 
in  this  list  are  how  regarded  as  synonyms,  as  will  appear  from  remarks 
in  connection  with  the  description  of  species  on  following  pages. 

Table  ihotnng  range  ofepeoiee. 


Lisioffosaila. 


XTnio  mendftz  White 

XTnio rectoidee,  n.  0 

Sphariam  formcwom  Meek  A 

Hftyden. 

UnuuM-^^t 

ItimiuBa  (LeptolimncM)  miiras- 

calAWlilte. 

AceUs  mloroiiemA,  n.  ■ 

Plaaorbis  oonTolntos  Meek  A, 

Hayden. 


WMfttoh. 


i 

« 


1 

i 

^ 

1 

1 

£ 

xf 


xf 


X 

xf 


1 


^  There  is  now  some  reason  to  doubt  whether  the  strata  which  have  hitherto  been 
known  as  the  Bear  River  Laramie  should  be  regarded  as  a  portion  of  the  Laramie 
Qroup.  That  their  position  is  between  the  uppermost  of  the  marine  Cretaceous 
groups  and  the  basal  portion  of  the  Wasatch,  as  is  that  of  the  Laramie  proper, 
is  apparently  beyond  question,  but  so  far  as  is  now  known  not  a  siuj^le  fossil  spe- 
cies is  common  to  both  the  Bear  River  strata  and  the  Laramie  proper.  It  seems 
therefore  necessary  to  infer  that  the  fauna  of  the  former  strata  lived  in  a  separate 
body  of  water;  bnt  whether  it  preceded,  followed,  or  was  contemporary  with  the 
Laramie  cannot  be  asserted  now  with  confidence.  The  question  is  rendered  still 
more  obscure  by  the  fact  that  the  Bear  River  fauna  contains  types  which  are  not 
known  in  any  other  North  American  strata,  nor  among  living  faunas  of  this  conti- 
nent. In  these  discussions  reference  is  made  to  the  fauna  of  the  Laramie  proper,  and 
not  to  that  of  the  Bear  River  Laramie 
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Table  ikawing  range  of  species — CoDtiuned. 


Wasatch. 

g. 

Si 

s 

i 

LMoffoMOa. 

i 

1 

1 

• 

Maainia  Monntaio. 
Soldier's  Fork. 
Sonthem  Utah. 

i 

u 

1 

PlADorixiB  (Gynoloa)  militoria 
White. 

PhyMlniU*tiil%]i.a 

X 

X 
X 

xf 

X 
X 

I      1 

1 

X 
X 

j 

1 
1 

1 

1 

BnlilDva  Atayufi  White 

1 

X 

1 

..    .,     . 

Aoroloxua actinophoraB,  d.b... 

........................ 

X? 

! 

X 
X 

Xt 

TT^Hx  adapts^  n.a...... 

1 1 

Pnpaleidyi  Meek 

1 

i "' 

X 

OtfrninYiuiff  tArniliwrlnataMeek 

X 

X 

X 
X 
X 
X 
X 
X 

X 

X 

X 

X 
X 

1 

1 ' 

X 

&  Hayden. 

X 

X 

X 

X 

. 

&  Harden. 
&oiiiobaflia  fliifera.  n.  s      .... 

Gonlobaaia  tenera  Hall      

X 

X 

Hydrobia  recta  White 

X 

Hicropyrgiu  mlnutaliu  Meek.. 

ViiHuama  tmnliifnnnia    MaaV 

X 

...... 

X 
X 

X 

X 

X 
X 

X           X 

1 
X           "^ 

...... 

X 
X 

Sl  Hayden. 
Vivipama  Icidyi  Meek  &  Hay- 
den. 

&,  Hayden. 
Vivipama    pangnitchenaia 

White. 
Vi  viparQ4  nanmi,  n.  a 

• 

X 

X 

X 

X 

X 

1 

1 

The  following  general  remarks  are  presented  in  this  connection  for  the 
purpose  of  explaining  the  relation  which  the  Wasatch  Group,  as  it  is 
developed  in  Utah,  is  understood  to  hold  to  the  Laramie  and  other 
groups.  The  intimate  stratigraphical  relation  of  the  Laramie  Groap 
to  the  marine  Cretaceous  series  beneath  it  has  been  recognized  by  every 
field  geologist  who  has  studied  those  strata,  and  it  is  this  fact,  in  addi- 
tion to  the  discovery  of  dinosaurian  remains  in  the  Laramie,  that  has  led 
them  to  range  that  group  as  a  member  of  the  Cretaceous  series.  While 
there  seems  to  be  no  reason  to  doubt  that  sedimentation  was  continuous, 
not  only  through  the  marine  Cretaceous  series,  but  also  fix)m  that  series 
into  and  through  the  Laramie,  it  is  true  that  there  was  at  the  beginning 
of  the  Laramie  period  a  comparatively  sudden  change  in  the  character 
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oi  the  previously  existing  mollascan  fauna  over  the  whole  area  which 
was  then  occupied  by  the  Laramie  waters ;  that  is,  at  a  certain  horizon 
in  the  unbroken  succession  of  strata  there  is  an  abrupt  disappearance  of 
all  distinctively  marine  forms,^  and  an  equally  abrupt  accession  of  brack- 
ish water  and  fresh  water  forms  which  continue  through  the  whole 
Laramie  Group. 

On  the  other  band  similar  evidence  of  continuous  sedimentation  from 
the  Laramie  into  the  Wasatch  Group  has  not  hitherto  been  publicly 
announced.  It  is  true  that  a  conformity  of  the  Wasatch  upon  the  Lar- 
amie in  some  places  has  been  distinctly  recognized  by  Major  PowelP 
and  myself,  but  others  have  denied  the  existence  of  any  such  con- 
formity.' Wherever  later  strata  have  been  discovered  resting  upon 
those  of  the  Laramie  Group,  as  its  limits  are  indicated  in  note  2,  below, 
they  have  been  found  to  be  free  from  all  fossil  forms  which  can  be 
reasonably  referred  to  even  a  slightly  saline  habitat,  while  the  Laramie 
strata  contain  many  brackish  water  forms  throughout  their  vertical 
range. 

That  is,  those  overlying  strata  contain  such  genera  of  fresh-water 
and  land  mollusca  as  characterize  existing  lakes  and  rivers  and  the 
land  adjacent  to  them.  In  my  former  writings  upon  the  Laramie  Group 
I  have  suggested  that  its  whole  moUuscan  fauna  ceased  abruptly  With 
the  close  of  that  period,  for  I  did  not  then  know  that  any  of  the  numer- 
ous fresh  water  species  of  the  Laramie  Group  survived  their  brackish- 
water  contemporaries  and  became  members  of  the  Wasatch  fauna.  I 
thought  it  probable  that  the  physical  changes  which  attended  the  ex- 
tinction of  the  brackish' water  mollusca  of  the  Laramie  sea  were  also 
attended  by  a  like  extinction  of  their  fresh-water  contemporaries. 
Still,  I  had  expressed  a  hope  that  certain  of  the  fresh-water  species 

VOue  species  each  of  Nuculana,  Jxincea,  and  OdontohaHs  appears  to  have  survived 
the  partial  freshening  of  the  Laramie  waters ;  bat  this  fact  is  not  regarded  as  affect- 
iug  the  general  statement  that  true  marine  conditions  ceased  at  the  beginning  of  the 
Laramie  period. 

3  Reference  i  s  here  made  to  the  Report  on  the  Oeology  of  the  Uinta  Mountains,  by  J.  W. 
Powell.  The  plane  which  he  then  recognized  as  separating  the  Laramie  (Point  of  Rocks 
Group)  from  the  marine  Cretaceous  group  beneath  it  gave  certain  layers  to  the  Lar- 
amie which  contain  fossils  properly  belonging  to  the  Cretaceous,  but  none  of  which  fos- 
sils belong  to  the  true  Laramie  fauna,  as  it  is  now  understood.  He  also  referred  certain 
layers  containing  only  characteristic  Laramie  forms  to  the  base  of  the  Wasatch  (Bit- 
ter Creek  Group).  In  these  views  I  then  concurred,  as  will  appear  by  referring  to 
Chapter  III  of  the  report  cited,  but  I  have  since  regarded  the  Laramie  as  beginning 
where  the  distinctively  marine  forms  cease  and  ending  where  the  brackish  wat«( 
forms  cease.  It  will  thus  be  seen  that  the  unconformity  which  we  referred  to  (toe.  oit) 
as  existing  between  the  Laramie  and  the  Wasatch  groups  really  occurs  within  the 
Laramie.  For  my  observations  on  the  conformity  of  the  Wasatch  upon  the  Laramie, 
see  Tenth  Annual  Report  of  the  United  States  Geological  and  Geographical  Survey 
of  the  Territories,  page  33 ;  Kleventh  Report,  pages  210  and  223  ;  and  Twelfth  Report, 
Part  I,  page  53. 

'See  rejwrt  of  the  Geological  Snrvey  of  the  Fortieth  Parallel,  Volume  I,  page 
553 ;  Volume  II,  page  201. 
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would  yet  be  found  to  have  continued  their  existence  into  the  Waaatch 
epoch.^ 

This  tentative  opinion  not  having  been  then  confirmed  by  known  fects, 
I  considered  the  few  species  I  had  recognized  among  the  coUectionfi 
from  Utah  and  Southern  Wyoming  as  being  identical  with  certain 
forms  from  the  Laramie  strata  of  the  Upper  Missouri  River  region  to 
belong  to  the  upper  part  of  the  Laramie  beds  in  that  more  southern 
region.  This  idea  ot  a  definite  restriction  of  the  upward  range  of  all 
the  Laramie  species  seemed  to  be  supported  by  Professor  Cope's  dis- 
covery in  New  Mexico,  in  strata  holding  an  intermediate  position  be- 
tween well  recognized  Laramie  strata  beneath  and  equally  well  recog- 
nized Wasatch  strata  above,  of  a  vertebi-ate  fauna  which  is  distinctly 
different  from  that  of  either  of  those  groups.  According  to  Professor 
Oox>e,^  so  different  is  this  vertebrate  fauna  from  the  faunas  which  pie- 
ceded  and  those  which  followed  it  that  he  has  separated  the  strata  con- 
taining it  as  a  distinct  group  under  the  name  of  the  Puerco  Group.  At 
the  typical  localities  of  this  group  in  New  Mexico  and  Southern  Colorado 
he  recognizes  the  strata  containing  the  Puerco  fauna  as  having  distin- 
guishing stratigraphical  characteristics.  Dr.F.  M.Endlich^  andMr.W. 
H.  Holmes*  also  recognized  that  distinction  in  Southern  Colorado  5  but  in 
other  places  at  which  the  Laramie  and  the  Wasatch  have  been  studied 
in  juxtaposition,  especially  in  Utah  and  Southern  Wyoming,  the  Puerco 
Group  has  not  hitherto  been  recognized  either  by  stratigraphical  t)r  by 
paleontological  characteristics.  Professor  Cope  gives  the  maximom 
thickness  of  the  Puerco  beds  in  New  Mexico  as  about  850  feet.  With 
this  estimate  Mr.  Holmes  essentially  agrees,  but  Dr.  Endlich  estimates 
their  thickness  at  something  more  than  this  in  Southern  Colorado. 
All  three  of  these  authors  agree,  however,  that  the  Puerco  beds  are 
conformable  with  ^he  Laramie  beneath  and  with  the  Wasatch  above; 
and  they  all,  when  those  beds  were  first  discovered,  regarded  them  as  a 
part  of  .the  Wasatch  Group. 

As  has  been  already  intimated,  it  is  now  known  that  within  an  area 
which  comprises  a  large  part  of  the  Territory  of  Utah  not  only  is  th«» 
a  true  conformity  of  the  Wasatch  upon  the  Laramie,  but  several  of 
the  characteristic  moUuscan  species  of  the  Laramie  Group  pass  up  into 
the  Wasatch  strata  and  there  become  members  of  the  purely  fresh- 
water fauna  of  that  group.  In  all  the  region  where  this  intimate  strati- 
graphical and  paleontological  relation  of  the  Wasatch  to  the  Laramie 

^  Twelfth  Annnal  Beport  of  the  United  States  Geological  and  Qeographical  Survey 
of  the  Territoriee,  pp.  51  and  52. 

« For  a  concise  statement  concerning  the  Puerco  Group  and  its  vertebrate  faao* 
by  Professor  Cope,  see  American  Naturalise,  Volume  XIX,  p.  dd5.  For  important  ref- 
erences to  its  vertebrate  fauna  by  him,  see  the  same  Volume,  pp.  385  and  493. 

s  Ninth  Annual  Report  United  States  Geological  and  Geographical  Surrey  of  tha 
Territories  for  1875,  p.  189. 

4j£k{.,  pp.  243and248. 
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was  observed  the  character  of  none  of.  the  strata  of  either  the  Laramie 
or  the  Wasatch  was  sach  as  to  suggest  the  propriety  of  separating 
them  from  either  or  both  of  those  formations  as  a  distinct  group  or  even 
as  a  subordinate  division.  That  is,'  I  observed  nothing,  in  the  character 
of  these  strata  which  suggested  to  me  the  presence  in  that  region  of 
the  Puerco  Group  of  Cope.  Having  received  from  Professor  Cope  a 
small  collection  of  fresh-water  and  land  shells  which  he  obtained  from 
topical  Puerco  strata  near  the  town  of  Nacimiento,  N.  Mex.,  and  which 
are  figured  on  Plate  I,  special  search  was  made  for  like  forms  in  the 
Utah  strata  just  referred  to,  but  with  the  exception  of  the  somewhat 
satisfactory  identification  of  the  Puerco  Unio  with  U.  rectaides  of  the 
Wasatch  strata  near  the  town  of  Wales,  this  search  was  without  mate- 
rial success.  The  probabilities  are  that  the  lower  portion  of  the  Wa- 
satch series  in  that  part  of  Utah  represents  the  Puerco  Group  of  Cope; 
but  because  of  the  now  kncfwn  range  of  mollnscan  species  from  the 
Laramie  into  the  Wasatch  Group,  the  actual  identification  of  such  spe- 
cies alone  in  both  the  Wasatch  and  the  Puerco  would  not  serve  to  fix 
the  Puerco  horizon  in  the  Utah  region  with  precision.  That  is,  the 
facts  at  present  known  seem  plainly  to  indicate  that  while  the  Puerco 
fossils  which  have  been  published  by  Professor  Cope  indicate  a  distinct 
epoch  in  the  history  of  iN'orth  American  vertebrate  life,  neither  the 
stratigraphy  nor  the  remains  of  molluscan  life,  so  far  as  it  is  now  known, 
give  any  corresponding  indication  Of  either  physical  or  faunal  changes. 

For  the  present,  therefore,  while  I  do  not  hesitate  to  recognize  the 
Puerco  epoch  as  it  is  indicated  by  the  vertebrate  fauna  which  Professor 
Cope  has  published^  I  am  not  able  to  recognize  the  existence  of  a  dis- 
tinct group  of  strata  representing  that  epoch  in  the  region  which  I  have 
examined ;  that  is,  I  admit  that  a  record  of  the  Puerco  epoch  has  been 
made  in  the  history  of  vertebrate  life,  but  not  in  that  of  aqueous  in- 
vertebrate life,  nor,  except  locally,  in  the  stratigraphical  series. 

The  species  which  have  been  found  to  pass  from  the  Laramie  into  the 
Wasatch  are  figured  and  described,  together  with  others,  on  following 
pages  bf  this  bulletin.  Such  a  perpetuation 'of  specific  forms  of  gill- 
bearing  mollusks  seems  to  make  it  necessary  to  infer  that  there  was  an 
unbroken  continuity  of  aqueous  habitat  and  also  continuous  sedimen- 
tation from  the  Laramie  to  the  Wasatch  Group.  The  condition  of  the 
strata  in  that  part  of  Utah  which  I  have  recently  examined  also  favors 
the  inference  as  to  the  continuity  of  sedimentation.  The  area  within 
which  this  blending  of  the  Laramie  with  the  Wasatch  took  place,  al- 
though large,  is  evidently  much  smaller  than  that  over  which  the  blend- 
ing of  the  marine  Oretckceous  strata  (not  its  fauna)  with  those  of  the 
Laramie  has  been  observed. 

The  strata  which  indicate  the  intimate  relation  of  the  Laramie  with 
the  Wasau^h  are  much  disturbed  in  that  district  and  the  difficulty  of 
tracing  their  succession  is  largely  increased  by  the  presence  of  surface 
debris  and  vegetation  upon  the  mountain  slopes.    Still,  this  succession 
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was  traced  with  a  good  degree  of  satisfaction  in  the  cafions  apon  the 
eastern  face  of  the  Wasatch  Bange  in  Emery  and  San  Pete  GoaDties, 
Utah.  Beginning  with  the  bluish  marls  of  the  Colorado  Group  in  Cas- 
tle Valley  I  traced  the  successive  strata  without  a  break,  as  I  think, 
through  the  Fox  Hills  and  Laramie  Groups  into  and  through  the  Wa- 
satch Group.  In  addition  to  this  is  the  well-known  intimate  relation 
of  the  three  groups  of  Eocene  fresh-water  deposits  with  each,  other, 
namely,  the  Wasatch,  the  Green  Biver,  and  the  Bridger,  especially  in 
the  Green  River  Basin  north  of  the  UiHta  Mountains.  That  is  to  say, 
certain  species  of  mollusks  range  through  these  three  groups,  which 
are  everywhere  conformable,  and  it  is  evident  that  sedimentation  was 
continuous  through  the  whole  series. 

We  seem,  then,  to  have  conclusive  proof  that  there  is  a  complete  and 
unbroken  stratigraphical  series  in  that  western  region,  extending  from 
the  Middle  Cretaceous  to  the  top  of  the  Eocene,  and  aggregating  nearly 
or  quite  two  miles  in  thickness.  A  remarkable  fact  connected  with  the 
production  of  this  great  series  is  that,  while  sedimentation  was  evi- 
dently not  materially  interrupted  in  at  least  a  large  part  of  the  area 
within  which  those  deposits  are  now  found,  the  aqueous  life  was  changed 
first  from  that  of  a  purely  marine  character  to  that  of  alternating  brack- 
ish and  fresh  waters,  and  finally  to  that  of  a  purely  fresh -water  charac- 
ter ;  that  is,  the  waters  in  which  this  series  of  strata  were  deposited 
were  first  marine,  then  alternating  brackish  and  fresh,  and  finally  wholly 
fresh.  This,  of  course,  implies  the  occurrence  of  great  physical  changes 
upon  the  Korth  American  continent  during  the  Cretaceous  and  Eocene 
periods,  which,  however,  did  not  interrupt  sedimentation  in  a  large 
part  of  its  interior. 

The  inability  of  geologists  to  fix  upon  a  definite  plane  of  demarka- 
tion  which  shall  separate  the  uppermost  of  the  marine  Cretaceous  strata 
from  those  of  the  Laramie  Group  has  been  referred  to  and  is  well  known- 
It  is  now  also  known  that  a  similar  state  of  things  really  obtains  within 
a  large  pait  of  the  Territory  of  Utah  with  regard  to  the  strata  of  the 
Laramie  and  the  Wasatch  groups ;  and  it  is  not  strange  that  strata  upon 
the  confines  of  each  of  these  groups,  and  containing  an  identical  fauna, 
should  have  been  sometimes  referred  to  one  and  sometimes  to  the  other 
group  before  the  fauna  had  been  recognized  as  identical.  So  far  firom 
there  being  an  abrupt  faunal  break  between  the  Laramie  and  the  Wa- 
satch groups,  as  was  formerly  supposed,  it  is  now  known  that  the 
faunal  relation  between  the  two  groups  is  more  intimate  than  that  be- 
tween the  Laramie  and  the  marine  Cretaceous,  for  no  species  ace  yet 
known  to  have  passed  from  the  latter  up  into  the  Laramie. 

The  fact  of  the  survival  into  the  Wasatch  epoch  of  several  fresh- 
water molluscan  species  which  have  hitherto  been  regarded  as  belong- 
ing exclusively  to  the  Laramie  naturally  leads  us  to  inquire  whether 
the  upper  portion  of  the  Laramie  series  in  the  Upper  Missouri  Biver  re- 
gion and  elsewhere  may  not  be  as  properly  referred  to  the  Wasatch  as 
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to  the  Laramie.  Applying  the  rule  for  the  determination  of  the  apper 
limit  of  the  Laramie  Group  which  I  have  designated  on  a  previous 
page,  it  appears  probable  that  at  least  the  upper  portion  of  the  series 
of  strata  which  are  exposed  in  the  vicinity  of  Fort  Union,  near  the 
mouth  of  Yellowstone  Eiver,  should  be  referred  to  the  Wasatch  Group. 
That  the  lower  portion  of  the  series  known  as  the  Fort  Union  beds  be- 
longs to  the  Laramie  Group  cannot  be  doubted,  because  of  the  pres- 
ence there  of  characteristic  dinosaurian  and  other  v^i^ebrate  remains ; 
but  there  is  evidently  no  break  in  that  series  of  strata  which  should 
separate  them  as  two  formations.  In  the  upper  part  of  the  series,  how- 
ever, only  fresh  water  moUuscan  forms  have  been  found,  if  we  except 
one  species  of  Corhulay  and  this  is  understood  to  have  come  from  a  com- 
paratively low  horizon.  Moreover,  several  of  the  same  species  of  mol- 
losks  which  are  found  in  the  Fort  Union  series  of  Laramie  strata  are 
also  found  in  the  Wasatch  strata  of  Utah. 

This  suggestion  of  the  intimate  relation  of  the  Laramie  of  the  Upper 
Missouri  Eiver  region  to  the  fresh-water  Eocene  series  is  apparently  sup- 
ported by  the  discovery  of  some  fresh-water  beds  on  the  top  of  Sentinel 
Butte,  in  that  region.  These  beds  are  connected  with  the  Laramie  strata 
beneath  by  direct  continuity,  and  I  have  suggested  that  they  probably 
represent  the  Green  Eiver  Group.^ 

Before  closing  these  remarks,  it  is  thought  desirable  to  state  con- 
cisely the  grounds  for  my  conclusion  that  the  strata  in  the  western  por- 
tion of  our  national  domain  form  one  uninterrupted  series  from  the  low- 
est of  the  marine  Cretaceous  formations  to  the  top  of  the  Bridger  Group, 
the  uppermost  of  the  fresh-water  Eocene  series,  inclusive.  These  rea- 
sons fall  under  two  separate  categories,  the  one  based  upon  observed 
stratigraphical  conditions  and  the  other  upon  the  character  and  dis 
tribution  of  the  fossil  cx)ntents  of  the  respective  groups  of  strata. 

The  stratigraphical  conditions  which  indicate  continuous  sedimenta- 
tion from  one  group  or  formation  to  the  next  succeeding  one  in  this 
great  series  are,  iirst,  conformity,  and  second,  absence  of  abrupt  change 
in  the  character  or  composition  of  the  material  deposited.  That  is,  al- 
though there  are  numerous  instances  of  unconformity  within  the  vertical 
range  of  the  great  series  in  question,  especially  above  the  distinctively 
marine  Cretaceous  strata,  that  unconformity  in  no  case  involves  the 
whole  of  any  formation  of  the  series.  In  other  words,  where  unconfor- 
mity between  any  two  formations,  or  any  two  portions  of  the  same  for- 
mation, is  apparent  at  any  one  locality,  perfect  conformity  is  to  be  found 
at  some  other  localities.  The  greatest  and  most  complete  unconformity 
in  the  great  series  has  hitherto  been  understood  to  exist  between  the 
Laramie  and  the  Wasatch  groups  ]  but  it  is  now  known  that  at  even  this 
horizon  there  is  perfect  conformity  within  a  great  area  which  includes 
a  large  part  of  the  Territory  of  Utah.  This  area  has  doubtless  been 
^American  Journal  of  Science,  third  eeries,  Vol,  XXV,  pp.  411-414. 
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materially  reduced,  because  the  strata  have  Been  so  much  displaced 
and  eroded. 

The  paleontological  evidence  of  the  unbroken  continuity  of  the  series 
of  formations  in  question  consists  mainly  in  the  known  passage  of  cer. 
tain  species  of  fossils  from  one  formation  up  into  the  next.  "Diat  some 
of  the  species  which  existed  in  and  about  the  estuaries  of  the  marine 
waters  in  which  the  Cretaceous  formations  were  deposited  survived  in  the 
brackish  waters  of  the  Laramie  sea  is  probable,  but  it  has  not  yet  been 
demonstrated  by  the  specific  identification  of  any  such  fossils  in  the  Lar- 
amie strata.  That  certain  species  of  molluscan  fossils  range  through  all 
three  of  the  purely  fresh- water  Eocene  Groups  has  long  been  known,  and 
it  is  now  also  known  that  there  is  a  similar  range  of  a  considerable  number 
of  fresh-water  species  of  the  Laramie  period  which  coexisted  with  its 
brackish  water  forms,  up  into  the  Wasatch  Group.  This  demonstrates  the 
founal  continuity  of  the  series  from  the  base  of  the  Laramie  to  the  top  of 
the  Bridger  Group.  The  passage  of  these  fresh- water  species  from  one 
group  to  another  is  anderstood  to  indicate  that  there  must  have  been  a 
continuity  of  congenial  habitat  from  the  one  epoch  to  the  other.  If  that 
habitat  was  not  continnonsly  lacustrine,  the  only  way  in  which  it  is 
thought  possible  that  any  of  the  fresh-water  species  in  question  could 
have  survived  was  by  escaping  into  fluviatile  waters  from  their  original 
lacustrine  habitat  and  returning  to  a  similar  one  subsequently  estab- 
lished on  the  same  ground.  The  character  of  the  deposits  in  which  these 
fossils  are  found  indicates  that  sedimentation,  was  continuous  from  the 
Laramie  to  the  Wasatch,  and  an  aqueous  habitat  was  therefore  continn- 
ous-  from  the  one  epoch  to  the  other.  The  survival  into  the  latter  epoch 
of  certain  species  which  flourished  in  the  former  one  shows  that  that 
habitat  was  continuously  a  congenial  one  to  them.  This  conclusion,  of 
course,  implies  that  the  individuals  of  those  surviving  species  whose 
remains  are  found  in  the  upper  formation  were  direct  lineal  descendants 
of  those  in  the  lower.  There  ai)i)ear  to  be  only  two  alternatives  to  this 
conclusion,  first,  that  the  spec.ies  have  been  incorrectly  identified,  or, 
second,  that  they  were  r<  introduced  after  they  had  once  become  extinct 
In  the  light  of  modern  zoology  the  latter  proposition  is  not  thought  to  de- 
mand serious  consideration.  As  to  the  former,  it  can  only  be  said  that 
the  specific  determinations  in  those  cases  have  been  made  with  as  mnch 
confidence  in  their  accuracy  as  may  reasonably  attend  any  work  of  that 
kind. 

In  connection  with  this  statement  of  the  grounds  upon  which  are 
based  the  opinions  advanced  in  the  foregoing  pages,  it  is  proper  to  make 
some  remarks  upon  the  estimated  value  of  fossils  of  fresh-water  origin  in 
geological  determinations.  As  fossil  mollusca  are  the  principal  forms 
which*  characterize  fresh-water  deposits,  they  alone  will  now  be  referred 
to.  The  difl^erentiation  of  the  mollusca  into  generic,  family,  and  ordinal 
groups,  and  the  diversification  of  specific  forma  among  these  groups,  are 
immensely  greater  ia  marine  waters  than  in  any  othei:.    In  brackish 
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waters  it  is  much  less  than  in  the  open  marine,  and  in  lacustrine  waters 
the  minimum  of  differentiation  is  found.  The  large  collections  of  fos- 
sil moUusca  which  have  been  made  in  different  parts  of  the  world  indi- 
cate that  this  slight  tendency  to  differentiation  among  f^sh-water  mol- 
Insca  has  always  obtained  in  past  geological  time ;  also,  that  types  once 
established  have  persisted  through  a  long  series  of  geological  periods. 
Therefore  it  has  become  known  that  fossils  of  fresh- water  origin  are  of 
little  value,  compared  with  those  of  marine  origin,  as  indices  of  the  true 
geological  age  of  the  strata  containing  them.  In  consequence  of  this, 
the  real  value  of  fresh-water  fossils  as  aids  in  the  study  of  stratigraphi- 
cal  geology  has  been  underestimated.  While  it  is  admitted  that  these 
fresh- water  forms  are  of  little  value  in  determining  the  geological  age 
of  strata,  they  are  really  of  as  great  importance  in  the  study  of  local, 
and  even  of  continental,  geology  as  are  any  other  fossils.  Indeed,  it 
would  be  quite  impracticable  to  ascertain  whether  the  waters  in  which 
formations  have  been  deposited  were  marine,  brackish,  or  fresh,  except 
"by  the  character  of  the  contained  fossils. 

Fresh- water  formations  of  considerable  extent  can  only  be  produced 
upon  continental  areas,  and  they  consequently  record  phases  of  conti- 
nental history  of  which  marine  formations  give  no  indication.  In  West- 
em  North  America  the  firesh-water  deposits  rival  in  extent  and  thickness 
the  great  marine  formations ;  and  it  would  have  been  impossible  to  ar- 
rive at  the  knowledge  of  them  which  we  have  now  attained  except  by  a 
study  of  their  fossils.  Each  of  these  great  lacustrine  formations  has  its 
own  distinguishing  fauna,  the  uniform  charat^ter  of  which  over  great 
areas  is  quite  remarkable.  So  large  has  been  the  area  of  some  of  the 
fresh-water  seas  in  which  these  deposits  were  formed,  and  so  uniform  the 
conditions  under  which  they  existed,  that  the  geographical  distribution 
of  species  in  them  has  been  nearly  or  quite  as  great  as  the  average  of 
that  of  marine  mollusca.  For  example,  some  of  the  species  of  the  Lara- 
mie Group  have  been  found  at  points  more  than  a  thousand  miles  apart ; 
and  in  the  fresh- water  Eocene  groups  the  moUuscan  fauna  is  practically 
identical  at  points  as  much  as  200  miles  apart. 

In  view  of  the  above  indicated  estimate  of  the  value  of  fossils  of  fresh- 
water origin  in  the  study  of  the  geology  of  great  continental  areas,  I 
have  not  hesitated  to  use  them  with  confidence  in  the  foregoing  discus- 
sions. 
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DESCRIPTION  OF  SPECIES -MOLLUSOA. 

UNIONID/B. 

Gtonas  TJNIO  Betzins. 
Unio  mendax  White. 

(Plate  IV,  Figs.  2, 3,  and  4.) 

Unio  vetuBtu$  (Meek)  White,  1^ ;  Report  npoii  United  states  Geographical  Surveys 
West  of  the  One  Hundredth  Meridian,  Vol.  IV,  p.  206,  pi.  xxi,  fig.  12,  a,h,e,d. 

Unio  mendax  White,  1877 ;  Bulletin  of  the  United  States  Geological  and  Geographical 
Survey  of  the  Territories,  Vol.  Ill,  p.  606. 

Unio  mendax  White,  1883;  Third  Annual  Report  United  States  Geological  Survey, 
1881-'82,  p.  433,  pL  18,  figs.  3,  4,  5. 

Shell  of  medimn  size,  sabelliptioal  in  marginal  ontiiine ;  valves  mod- 
erately gibbons,  the  poetero-dorsal  portion  of  each  valve  more  or  less 
flattened,  and  in  the  case  of  the  examples  which  are  regarded  asfemaleer 
there  is  a  slightly  increased  convexity  of  the  median  portion ;  test  some- 
what thin;  beaks  situated  near  the  front,  ihconspicaoas,  and  only 
slightly  elevated  above  the  hinge  line ;  the  nmbones  scarcely  differing 
in  their  convexity  fix>m  that  of  the  adjacent  portion  of  the  valves;  an- 
terior margin  roanded  by  a  somewhat  regularly  diminishing  curve  to 
the  basal  margin ;  the  convexity  of  the  latter  margin  sometimes  slight 
and  sometimes  considerable,  the  difference  being  probably  due  to  sex ; 
dorsal  margin  nearly  straight  or  slightly  convex;  posterior  margin 
sloping  downward  and  backward  from  the  dorsal  margin  to  the  postero- 
basal extremity,  which  is  narrowly  rounded  to  the  basal  margin.  Sur- 
face marked  by  the  ordinary  lines  of  growth.  Numerous  small  wrinkles 
are  usually  v^isible  upon  the  beaks ;  and  two  sharply-raised  lines  radiate 
from  the  beak  upon  the  postero-dorsal  portion  of  each  valve.  The  test 
being  somewhat  light  the  hinge  is  also  more  delicate  than  is  usual  with 
shells  of  Unio  of  equal  size,  but  the  lateral  and  cardinal  teeth  are  those 
of  true  Unio. 

Length  of  an  adult  example,  which  is  probably  a  fiBmale,  64"^ ;  height, 
39mm,    The  proportionate  length  of  males  is  apparently  a  little  more. 

This  species  was  first  described  by  me  in  Volume  IV,  Report  upon 
United  States  Geographical  Surveys  West  of  the  One  Hundredth  Me- 
ridian {loc.  oit),  and  erroneously  refierred  to  the  U»  vetustus  of  Meek. 
The  types  of  Meek's  species  came  from  the  Bear  Biver  Laramie,  while 
the  specimens  of  this  species  came  from  the  Wasatch  strata  near  Wales, 
Utah.  The  specimens  which  I  then  figured  and  described  are  probably 
males,  and  their  proportions  differ  a  little  from  those  of  the  specimens 
figured  in  this  bulletin.  These  figures  are  copied  from  plate  18  of  the 
Third  Annual  Report  of  the  17.  S.  Geological  Survey. 

This  is  one  of  the  plain  oval  types  of  Unio  which  has  been  so  com- 
mon in  that  great  genus  from  the  Jurassic  period  to  the  present  time. 
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Indeed,  it  is  closely  like  the  U.  nvmLis  of  Meek  and  Hayden,  which  they 
published  as  coming  from  the  Jurassic  rocks  in  the  vicinity  of  the  Black 
Hills. 

Locality  a/ndp<mtian. — ^This  spedes  has  hitherto  been  collected  only 
at  the  Desolation  Ca&on  and  Wales  localities^  in  Utah,  but  It  is  likely 
to  be  found  at  any  locality  of  the  Wasatch  Group  in  that  region.  Its 
vertical  range  was  found  to  be  more  than  1,000  feet  at  the  Wales 
locality. 

ITnio  bbotoibbs  (sp.  nov.). 

(Plate  IV,  Fig.  1 ;  and  Plate  V,  Figs.  1  and  2.) 

Shell  transversely  elongate,  subeiliptical  in  marginal  oatline ;  front 
margin  regularly  rounded ;  basal  margin  broadly  convex ;  postero-dorsal 
margin  sloping  downward  and  backward  to  the  postero-basal  extremity, 
which  is  narrowly  rounded  to  the  base ;  beaks  situated  at  about  one- 
quarter  of  the  length  of  the  shell  from  the  front,  incurved ;  umbones 
prominent,  ielevated  above  the  hinge  line.    Surface  plain. 

Length,  90°»°»5  height,  47'»°». 

This  form  was  found  associated  with  U.  mendax  at  the  Wales  locality. 
While  the  range  of  variation  is  doubtless  great  in  all  species  of  UniOj 
there  seems  to  be  too  much  difference  between  the  form  above  described 
and  U.  mendax  to  allow  them  to  be  referred  to  the  same  species.  The 
principal  differences  are  the  greater  proportionate  length  of  U.  rectaidesj 
the  prominence  of  its  umbones,  and  the  greater  distance  of  the  beaks 
firom  the  front.  This  fossil  form  bears  some  resemblance  to  the  living 
Z7.  rectus  Lamarck. 

Locality  amd  position, — ^The  specimen  figured  on  Plate  IV,  together 
with  some  other  less  perfect  examples,  was  obtained  at  the  WaJes  lo- 
cality. A  fragment  which  is  figured  on  Plate  V,  and  which  probably 
l>elongs  to  this  species,  was  obtained  by  Professor  Oope  fix>m  his  Pueroo 
Group  near  the  town  of  Nacimiento,  New  Mexico. 

CYRENID/B. 

Genus  SPBLffiRIUM  Scopoli. 
Sph^bitjm  fobmosith  Meek  and  Hayden. 

(Plate  rV,  Figs.  5  and  6.) 

CyeUu  fwrnoia  M.  and  H.    Proceedings  of  the  Academy  of  Natnral  Sciences,  Phila.,  for 

1856,  p.  115. 
SpkoBrium  formonun  M.  and  H.    Proceedings  of  the  Academy  of  Natnral  Sciences, 

Phila.;  for  1860,  p.  185. 
Spharium  formoeum  Meek,  1876.    Report  of  the  United  States  Geological  Survey  of  the 

Territories,  Vol.  IX,  p.  526,  pi.  43,  fig.  4,  a,  &,  o. 
SpluBrium  farmontm  White,  1883.    Third  Annual  Report  of  United  States  Geological 

Survey,  p.  539,  pi.  17,  fig.  11. 

In  the  Wasatch  strata,  at  the  locality  near  Wales,  Utah,  some  ex- 
amples of  a  SpJujerium  were  found  which  appear  to  be  identical  with 
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the  S.formosnm  of  Meek  and  Hayden,  the  type  apecimeDS  of  which 
were  obtained  from  the  Fort  Union  Laramie  strata.  The  beet  one  of 
the  Bi>ecimen8  which  were  foand  at  the  Wales  locality  is  represented 
by  Figare  6  on  Plate  lY.  Figure  5  on  the  same  plate  represents  the 
type  specimen  of  Meek  and  Hayden,  it  being  a  copy  of  their  origiDal 
figare. 

LIMNiEIDiE. 

(Jenns  LIMlfiBA  Lamarck. 

LiHNJBA ! 

(Plate  II,  Fig.  13.) 

A  single  imperfect  example  was  foand  at  the  Wales  locality,  which 
evidently  belongs  to  the  genus  Limnsea  and  the  general  aspect  of 
which  is  like  that  of  the  living  species,  L.  columella.  No  species  of 
LimruBa  is  yet  known  from  either  the  Laramie  or  the  Wasatch  Gronp 
to  which  this  form  can  be  properly  referred;  but  it  is  possible  that  it 
is  only  a  variety  of  the  X.  similis  of  Meek,  from  the  Bridger  Gronp  of 
Southern  Wyoming.  The  specimen  is  too  imperfect  to  allow  of  a  satis- 
factory specific  description. 

Subgenus  Lbptolimnjba  Swainson. 
LiHNJBA  (Lbptolimn^a)  minusoula  White. 
(PlAteII,EigB.  10,11,  12.) 

Limnaa  (LeptoUmncM)  minuacula  White,  1880 ;  Proceedings  of  the  United  States  K*- 

tional  Miuenm,  Vol.  Ill,  p.  160. 
Limnaa  (leptoUmwBa)  minusoula  White,  1883 ;  Third  Annnal  Report  United  States 

Geological  Survey,  p.  446,  pi.  29,  figs.  24  and  25. 

Some  imperfect  examples,  one  of  which  is  figured  on  Plate  II,  were 
found  among  the  other  fossils  in  the  Wasatch  strata  at  the  Wales  locality, 
which  appear  to  belong  to  L.  (L.)  mintiscula  White.  The  type  speci- 
mens of  this  species  were  found  in  strata  upon^  the  confines  of  the  Wa- 
satch and  Green  Eiver  Groups  in  Southern  Wyoming.  Figure  10  on 
Plate  II  represents  one  of  the  examples  found  at  the  Wales  locality; 
and  Figures  11  and  12  represent  one  of  the  type  spedmens.        ^ 

Genus  AGELLA  Haldeman. 

AOELLA  MICEONEMA  (sp.  nOV.). 

(Plate  II,  Fig.  14.) 

Among  the  fossils  which  were  collected  from  the  Wasatch  strata  at 
the  Wales  locality  are  several  fragments  of  a  small  limnseid  which  is 
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referable  to  the  genas  Acdla,  These  fragments  are  safficient  to  give  a 
good  idea  of  the  oatline  and  general  character  of  the  shell,  bat  none  of 
them  are  sufficiently  perfect  to  be  figured  satisfactorily.  I.  have  there- 
fore prepared  an  oatline  vhich  is  understood  to  represent  the  general 
aspect  of  the  species,  and  which  is  given  on  Plate  II,  Fig.  14.  The  sut*- 
face  is  marked  by  fine,  distinct,  uniform  lines,  the  direction  of  which 
corresponds  with  the  lines  of  growth  of  the  shell  and  approximately 
also  with  its  axis. 

The  length  of  adult  shells  was  apparently  from  10  to  12  millimeters. 

This  shell  is  perhaps  specifically  identical  with  the  form  which  I  found 
associated  with  the  preceding  species  in  strata  near  the  junction  of  the 
Wasatch  and  Green  River  Groups  in  Southern  Wyoming.  It  is  men- 
tioned but  not  described  on  page  160,  Volume  III,  of  the  Proceedings  of 
the  United  States  National  Museum. 

Genus  PLANORBIS  Mtiller. 
Planorbis  convolutus  Meek  and  Hayden. 

(Plate  II,  Fig.  15.) 

Planorbis  convolutus  M.  and  H.,  1876;  Report  of  the  United  States  Geological  Surrey 
of  the  Territories,  Vol.  IX,  p.  536,  pi.  42,  figs.  11  and  12. 

Planorbis  convolutus  White,  1^83 ;  Third  Annnal  Report  United  States  Geological  Snr- 
Tey,  p.  447,  pi.  27,  fig.  16. 

Some  imperfect  examples  of  a  species  of  Planorbis  were  found  among 
the  other  Wasatch  moUusca  at  the  Wales  locality  which  do  not  seem  to 
differ  specifically  from  P.  convolutns  Meek  and  Hayden.  The  type  speci- 
mens of  P.  convoluttis  came  from  the  Laramie  strata  of  the  Upper  Mis- 
souri River  region ;  and  these  Wasatch  specimens  agree  with  them  so 
closely  that  they  cannot  be  regarded  as  anything  more  than  a  variety. 
A  few  fragments  of  a  Planorbis  were  also  found  in  the  Wasatch  strata 
near  Evanstou,  Wyo.,  which  probably  belong  to  this  species. 

Subgenus  Gyraulus  Agassiz. 
Plan^bis  (Gybaulus)  militabis  White. 

(Plate  II,  Figs.  16  and  17.) 

Planorbis  (Gyraulus)  mt'Zi  torn  White,  1880;  Proceedings  of  the  National  Mnseuui,  Vol. 
Ill,  p.  ir)9. 

Planorbis  (ayraulus)  militaris  White,  1883;  Third  Annual  Report  United  States  Geo- 
logical Survey,  p.  447,  pi.  28,  figs.  10  and  U. 

The  type  specimens  of  this  species  came  from  near  the  headwaters 
of  Soldier's  Fork,  TJtah  County,  Utah,  the  strata  containing  them  be- 
ing a  portion  of  the  Wasatch  Group.  Some  imperfect  examples  were 
obtained  at  the  Wales  locality.  The  species  has  also  been  recognized 
in  strata  upon  the  confines  of  the  Green  Kiver  and  Wasatch  Groups  in 
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Soathem  Wyomiug.    The  figures  on  Plate  II  are  copies  of  the  original 
figures  iiehich  were  published  in  the  work  last  above  cited. 

PHYSIDiC. 

G^nas  PHYSA  Drapamaud. 
Physa  pleromatis  White. 

(Plate  III,  Figs.  1,  2,  3,  4,  5, 'and  6.)      . 

Pkysa  pUframaiia  White,  1875;  Report  upon  United  States  G^graphical  Sorveys  West 
of  the  One  Hundredth  Meridian,  Vol.  IV,  p.  211,  pi.  xxi,  fig.  1,  a,  h. 

Physa  pleromatis  White,  1883  ;  Third  Annual  Report  United  States  Geological  Surv  ey, 
p.  450,  pi.  30,  figs.  6,  7,  8. 

The  original  specimens  of  this  species  came  ^m  Wasatch  strata  in 
Utah  which  are  equivalent  with  those  at  the  Wales  locality,  where  na- 
merous  examples  were  also  obtained.  Specimens  of  this  species  are 
likewise  often  met  with  in  the  Wasatch  strata  north  of  the  Uinta  Mount- 
ains, in  which  region  it  ^Iso  extends  up  into  the  base  of  the  Green 
Eiver  Group. 

The  specimens  which  were  collected  at  the  Wales  locality,  as  well  as 
those  collected  elsewhere,  show  great  variation  as  to  form  and  propor- 
tions. So  great  is  this  range  of  variation  that  in  the  absence  of  inter- 
mediate forms  no  one  would  hesitate  to  refer  the  specimens  showing 
the  two  extremes  of  variation  to  different  species.  The  specimens 
illustrated  on  Plate  III  show  much  variation,  but  not  the  ftdl  extremes, 
especially  as  shQwn  in  the  young. 

Physa  kanabensis  White. 

(Plate  III,  Figs.  11, 12,  and  13.) 

Physa  kanabensis  White,  1876 ;  Report  upon  the  Geology  of 'the  Uinta  Mountains,  by 
J.  W.  Powell,  p.  119. 

The  original  specimens  of  Physa  kanabensis  were  obtained  by  Major 
Powell  from  strata  in  Southern  Utah  which  he  the%  regarded  as  belong- 
ing to  the  Laramie  (Point  of  Rocks)  Group.  These  were  described  by 
me  {loc,  cit)j  but  the  specimens  were  too  imperfect  to  be  satisfactorily 
figured.  Several  imperfect  examples  of  a  form  which  probably  belongs 
to  the  same  species  were  found  in  the  Wasatch  Strata  at  the  Wales 
locality,  already  often  mentioned.  These  specimens  show  that  the  last 
volution  was  proportionally  much  more  inflated  than  the  others.  The 
original  specimens  of  P.  kanabensis  did  not  show  this,  but  it  is  probable 
that  they  were  not  fully  adult.  Figs.  11  and  12  represent  two  imperfect 
examples  from  the  Wales  locality  and  Fig.  13  is  a  restored  outline  of 
the  full  adult  shell. 
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Physa  bullata  (sp.  nov.), 

(Plate  m,  Figs.  14,  15,  16,  and  17  f.) 

Shell  small,  ovoid ;  volutaons  four  or  five  in  number,  the  last  one 
large  and  ventricose ;  spire  small  and  short,  forming  only  a  small  part 
of  the  length  of  the  shell.    Surface  marked  by  the  usual  lines  of  growth. 

Length  of  one  of  the  largest  examples,  15°^°^ ;  greatest  breadth  of  the 
same,  10™™. 

This  species  is  closely  like  the  living  P.  bullata  Gould,  but  it  seems 
to  differ  from  that  and  from  other  fossil  forms  too  much  to  justify 
its  reference  to  any  published  species.  A  considerable  number  of  ex- 
amples of  this  form  were  collected  which  show  a  good  degree  of  vari 
tion.  The  last  volution  of  some  of  the  specimens  is  much  expanded, 
making  the  aperture  very  broad,  but  in  other  examples  the  expansion 
is  less.  The  length  of  the  spire  is  also  variable,  but  it  is  short  in  all 
cases. 

Locality  and  position. — Wasatch  strata,  near  Wales,  Utah ;  and  also 
at  several  other  localities  in  equivalent  strata  in  the  Wasatch  Mountains, 
east  of  San  Pete  Valley. 

Genus  BULLSTUS  MtiUer. 
JBxTLiNirs  ATAVUS  White! 

(Plate  III,  Figs.  7,  8, 9,"  and  10.) 

BuUntu  aiatms  White,  1877 ;  Bulletin  United  States  Geological  and  Geographical  Sur- 
vey of  the  Territories,  Vol.  Ill,  p.  601. 

BuUnu8  atavus  White,  1880;  Twelfth  Annual  Report  of  the  United  States  Geological 
and  Geographical  Survey  of  the  Territories,  Part  I,  p.  86,  pi.  24,  fig.  5,  a,  h, 

Bulinu9  atavus  White,  1883 ;  Third  Annual  Report  of  the  United  States  Geological 
Survey,  p.  450,  pi.  25,  figs.  6  and  7. 

Among  the  fossils  collected  from  the  Wasatch  strata  at  the  Wales 
locality  in  Utah  are  some  examples  which  are  closely  like,  if  not  iden- 
tical with,  the  form  which  I  described  {loo.  eit.)  under  the  name  of  Bu- 
linus  atavus.  The  Utah  specimens  are  not  quite  perfect,  but  so  far  as 
they  exhibit  their  specific  characters  they  seem  to  differ  from  the  type 
specimens  only  in  being  of  smaller  size.  The  type  specimens  were 
collected  by  Professor  Cope  from  the  Judith  River  Laramie  beds  in 
Montana. 

Among  the  Physidae  which  were  collected  from  the  Wasatch  strata 
at  the  Wales  locality  in  Utah  are  some  more  or  less  imperfect  examples 
which  do  not  seem  to  be  referable  to  any  of  the  preceding  speqies.  Some 
of  these  closely  resemble  the  Bulinus  subelongatus  of  Meek  and  Hayden, 
the  types  of  which  they  obtained  from  the  Laramie  strata  at  the  mouth 
of  Judith  River,  Montana.  Some  fragments  found  in  the  Wasatch 
strata  near  Evanston,  Southwestern  Wyoming,  appear  also  to  belong 
to  the  last-named  species. 
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ANCYLIDA. 

GenaB  ACBOLOXUB  Beck. 
AoBOLoxrrs  actinophobus  (sp.  uov.). 

(Plate  II,  Fig.  22.) 

Shell  small,  elongate,  snbelliptical  in  marginal  oatline,  somewhat 
wider  in  front  than  behind ;  apex  situated  at  a  little  more  than  one- 
quarter  of  the  fall  length  of  the  shell  from  the  posterior  end.  Sarfiace 
marked  by  the  ordinary  lines  of  growth,  which  are  crossed  by  a  multi- 
tnde  of  minute  radiating  lines,  the  latter  being  visible  only  under  a 
lens. 

Length,  4°*™ ;  breadth,  3"". 

This  form  is  possibly  identical  with  the  A.  minutua  of  Meek  and  Hay- 
den,  from  the  Laramie  strata  at  Fort  Union,  Mont.    It  seems  to  differ 
specifically  from  that  form,  however,  in  possessing  the  finely  radiate 
markings  of  the  surface  and  in  being  proportionally  longer. 
.  LoeaUty  and  position, — Wasatch  strata  near  the  town  of  Wales,  Utah. 

HELICIDA. 

Gtonus  HELIX  Linnseus.  ^ 
Helix  naoimientensis  (sp.  nov.). 

(Plate  V,  Figs.  3,  4,  5,  6,  and  7.) 

Shell  large,  umbilicate ;  volutions  six  or  seven  in  number,  broadly  con- 
vex upon  the  upper  side,  increasing  regularly  in  width,  but  the  depth 
is  somewhat  rapidly  increased  adjacent  to  the  umbilicus  upon  the  ma- 
turity of  the  shell ;  the  periphery  of  the  shell  somewhat  sharply  angu- 
lar in  the  earlier  stages  of  growth,  but  it  is  obtusely  or  even  obscurely 
so  in  its  later  stages;  spire  convex;  apex  obtuse;  under  surface  of  the 
last  volution  broadly  convex  from  the  periphery  to  the  border  of  the 
umbilicus,  which  is  abruptly  rounded;  outline  of  the  aperture  approx- 
imately semi-lunar,  obtusely  angular  both  above  and  below;  the  outer 
lip  is  apparently  neither  thickened  nor  reflexed. 

Greatest  diameter  of  the  largest  example  in  the  collection,  42"™; 
height,  33  °»™. 

This  species  is  related  to  S.  peripheria  White,  but  it  is  a  much  larger 
shell,  and  the  peripheral  angle  is  much  sharper  in  specimens  of  equal 
size  than  it  is  in  H.  peripheria. 

Locality  and  position. — Puerco  strata,  near  the  town  of  Nacimiento, 
N.  Mex.,  where  it  was  collected  by  Professor  Cope. 
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HBLIX  ADIPIS  (6p.  DOV.). 

(Plate  V,  Figs.  11  and  12.) 

Shell  small;  spire  moderately  elevated^  ambilicas  not  very  broad; 
oater  lip  apparently  slightly  reflexed,  but  not  materially  thickened.  The 
snrfEice  marked  by  regular  transverse  raised  lines^  corresponding  in 
direction  with  the  lines  of  growth. 

Height,  ?"»";  diameter,  5™™.  • 

Only  two  examples  of  this  little  shell  were  obtained,  and  it  is  possi- 
ble that  they  are  immature,  but  they  appear  to  be  adult.  In  aspect  this 
species  resembles  R.  evamtontnsis  White,  from  the  Wasatch  beds  near 
Evanston,  Wyo.,but  that  shell  is  larger  and  has  its  umbilicus  closed. 

Locality  and  position. — Puerco  Group,  near  the  town  of  Nacimiento, 
K.  Mex.;  where  it  was  obtained  by  Professor  Cope,  who  found  it  asso- 
ciated with  both  the  preceding  and  the  following  species : 

PUPID^. 

Oenus  PUPA  Lamarck. 
Pupa  leidyi  MeekY 

(Plate  V,  Pigs.  8,  9,  and  10.) 

Pupat  leidyi  Meek,  1873;  Sixth  Annaal  Report  of  the  United  States  Geological  Sur- 
vey of  the  Territories  [for  1872],  p.  517. 

Associated  with  the  preceding  species,  and  among  the  few  shells  col- 
lected by  Professor  Cope  from  his  Puerco  Group  near  the  town  of  Naci- 
miento,  N.  Mex.,  are  some  specimens  which  seem  to  be  specifically  iden- 
tical with  Pupa  leidyi  Meek.  I  have  never  been  able  to  find  Meek's  type 
of  P.  leidyi  among  the  collections  of  the  National  Museum,  and  I  am 
therefore  obliged  to  rely  upon  his  description  alone.  This  description 
agrees  too  closely  with  the  specimens  from  New  Mexico  to  justify  their 
reference  to  any  other  species  except  upon  the  ground  that  they  come 
from  different  horizons.  Meek's  types  came  from  the  top  of  the  Green 
River  Group  or  from  the  base  of  the  Bridger,  while  the  New  Mexican 
specimens  come  from  a  horizon  which  is  apparently  4,000  or  5,000  feet 
lower. 

I  have  shown  on  a  previous  page  of  this  bulletin  that  the  fresh-water 
series  of  strata  is  complete  from  the  Laramie  Group  to  the  Bridger,  in- 
clusive; and  there  seems,  therefore,  to  be  no  good  reason  to  doubt  that 
this  molluscan  form  lived  continuously  through  the  whole  time  in  which 
those  formations  were  deposited. 
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CERIPHASIID^. 

Genus  GONIOBASIS  Lea. 
GoNiOBASis  TENUiCARiNATA  Meek  and  Hayden. 

(Plate  II,  Figs.  0,  7,  8,  and  9.) 

Melania  tenuicarinata  M.  and  H.;  Proceedings*  of  the  Academy  of  Natural  Soienoes, 
Phila,,  for  1657,  p.  137. 

QofUohoBis  UmuioariMta  M.  and  H.,  1876 ;  Report  on  the  United  States  Geological  Sur- 
vey of  the  Territories,  Vol.  IX,  p.  566,  pi.  43,  fig.  14,  a,  h,  o. 

Goniohasis  tenuicarinata  White,  1875 ;  Report  npon  United  States  Geographical  Sur- 
veys West  of  the  One  Hundredth  Meridian,  Vol.  IV,  p.  212,  pi.  xxi,  fig.  10, 
a,  5,  e. 

Goniohaeis  tenuicarinata  White,  1883 ;  Third  Annual  Report  of  the  United  States  Geo- 
logical Survey,  p.  463,  pi.  26,  fig.  11. 

This  is  one  of  the  best  known  of  the  gasteropods  of  the  Laramie 
Groap,  it  having  been  found  at  different  localities  in  Montana  and 
Colorado ;  and  it  was  formerly  supposed  to  be  confined  to  that  group. 
The  type  specimens  of  Meek  and  Hayden  came  from  the  Laramie  strata 
near  Fort  Union,  Mont. ;  and  the  specimens  which  I  figured  in  Volume 
IV,  Explorations  and  Surveys  {loc.  cit),  came  from  the  Wasatch  strata 
at  the  Wales  locality  in  Utah,  as  did  also  those  represented  by  Figs.  6, 
7,  and  8,  Plate  II,  of  this  bulletin.  A  large  number  of  specimens  have 
been  obtained  from  the  Wales  locality  which,  while  they  vary  consider- 
ably among  themselves,  possess  all  the  essential  characteristics  of  the 
species.  Indeed,  there  seems  to  be  no  reason  to  doubt  that  these 
Wasatch  specimens  are  in  all  respects  specifically  identical  with  those 
which  have  been  obtained  from  undoubted  Laramie  strata. 

GoNiOBASis  NEBBAS0EI7SIS  Meek  and  Hayden. 

(Plate  n,  Figs.  4  and  5.) 

Melania  nebraecensis  M.  and  H.;  Proceedings  Academy  Natural  Sciences,  Piiila.,  for 

1856,  p.  124. 
Qoniohaeis  nebrasceneis  M.  and  H.,  1876 ;  Report  of  the  United  States  Geological  Sui^ 

vey  of  the  Territories,  Vol.  IX,  p.  565,  pi.  43,  fig.  12,  a,  b,  c,  d,  «,/. 
Gcniobasis  nebrascenais  White,  1875 ;  Report  upon  United  States  Geographical  Surveys 

West  of  the  One  Hundredth  Meridian,  Vol.  IV,  p.  213,  pi.  xxi,  fig.  9,  a,  *,  c. 
Goniobasie  nebraeoenais  White,  1883 ;  Third  Annual  Report  United  States  Geological 

Survey,  p.  463,  pi.  26,  figs.  15  and  16. 

This  species  is  a  very  variable  one,  and  it  seems  to  have  been  in  part 
confounded  with  another  similar  form  which  occurs  in  the  Laramie  strata 
of  Montana.  The  specimen  represented  by  the  figures  on  plate  26  of 
the  work  last  above  cited  is  especially  referred  to.  Those  copied  figures 
are  still  more  widely  different  from  what  I  regard  as  the  typical  form  of 
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O.  nebraacenais  by  the  failure  of  the  artist  to  add  the  revolving  lines 
which  appear  in  Meek's  original  figures  of  the  specimen.  The  specimens 
which  were  found  at  the  Wales  locality  many  years  ago  by  Mr,  G.  K. 
Gilbert  were  pronounced  by  Mr.  Meek,  who  then  saw  them,  to  be  identi- 
cal with  O.  nebrascensis.  The  near  relationship  of  O.  nebrcLScensia  with  O. 
tennicarinata^  as  the  two  forms  occur  in  the  Wasatch  strata  of  Utah,  is 
quite  apparent;  but  the  difference  is  constant,  and  the  two  forms  were 
not  there  fpund  associated  in  the  same  layers.  The  form  here  referred 
to  G.  nebrdscensis  has  also  been  recognized  among  collections  which 
have  been  made  from  Wasatch  strata  near  EvaoBton,  Wyo.,  and  in  Des- 
olation Canon,  Utah.     • 

GONIOBASIS  TENEBA  Hall. 
(Plate  II,  Figs.  1  and  2.) 

Cerithium  tenerum  Hall,  1845  ;  Exploring  Expedition  Oregon  and  Northern  Califor- 
nia (Fremont),  p.  308,  pi.  iii,  fig.  6. 

Goniobaris  tenera  White,  1875 ;  Report  npon  United  States  Geographical  Surveys  West 
of  the  One  Hundredth  Meridian,  Vol.  lY,  p.  212,  pi.  xxi,  fig.  11,  a,  ft,  o. 

G<mioba9i9  Unera  White,  1883;  Third  Annual  Beport  of  the  United  States  Geological 
Survey,  p.  464,  pi.  31. 

This  species  is  one  of  the  most  common  forms  in  the  fresh -water 
Eocene  strata  of  the  West,  and  it  ranges  from  the  Wasatch  Group  to 
theBridgerGroap  inclusive.  It  varies  so  greatly  in  its  surface  markings, 
and  also  in  size,  that  no  less  than  five  specific  names  have  by  different 
authors  been  given  to  forms  all  of  which  I  now  regard  as  belonging  to 
this  species.  Examples  of  all  these  varieties  are  fignred  on  plate  31 
of  the  work  last  above  cited,  so  arranged  as  to  show  a  gradation  from 
nearly  plain  to  highly  ornamented  examples.  Some  imperfect  exam- 
pleft  of  the  typical  variety  tenera  were  fonnd  near  the  top  of  the  series 
exposed  at  the  Wales  locality. 

GONIOBASIS  FILIPEBA  (Sp.  nOV.). 
<PlateII,  Fig.3.) 

Some  imperfect  examples  of  a  species  of  Gonioheuris  were  found  at  the 
Wales  locality,  in  Utah,  associated  with  G.  tenuicarinata  and  others  of 
the  forms  which  are  described  on  previous  pages,  which  evidently  be- 
long to  an  unpublished  species.  The  shell  is  rather  small,  slender; 
the  volutions  convex  and  marked  by  three  or  more  revolving  raised 
lines,  similar  to  those  which  mark  the  volutions  of  G,  tenuicarinata. 
The  revolving  lines  are  only  two  in  number  in  one  of  the  examples  and 
in  another  there  seems  to  be  only  one.  No  indication  of  longitudinal 
folds,  such  as  mark  G.  tenera,  nor  of  fine  revolving  striae,  such  as  ap- 
pear upon  Q'  tenuicarinata^  between  the  cariu»,  have  been  observed. 
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RISSOIDA. 

QtenuB  HYDBOBIA  Hartmann. 

Htdbobia  beota  W^te. 

(Plate  II,  Pig.  21.) 

Sydrohia  recta  White,  1876 ;  Geological  Report  of  the  Uin  ta  Mountains  b^  J.  W.  Powell, 

p.  132. 
Hydrcibia  reeta  White,  ,1883 ;  Third  Annual  Report  of  the  United  States  Geological 

Survey,  p.  466,  pi.  27,  fig.  38. 

The  original  specimens  of  this  species  were  obtained  from  the  coal- 
bearing  Wasatch  strata,  near  E  vanston ,  Southwestern  Wyoming.  Num- 
eroas  imperfect  examples  were  also  found  at  the  Wales  locality,  in  lay- 
ers associated  with  the  coal,  and  also  in  other  layers  several  hundred 
feet  above  the  coal.  These  specimens  were  all  crushed  by  pressure  of 
the  strata,  and  are  otherwise  imperfect,  but  they  seem  to  be  specifically 
identical  with  the  tyx>e  specimens.  The  latter  are  also  imperfect.  They 
are  represented  on  Plate  II  of  this  bulletin. 

In  view  of  the  purely  fresh-water  molluscan  types  with  which  these 
shells  have  been  found  associated  there  is  reason  to  doubt  whether  the 
species  ought  to  be  referred  to  the  genus  Hydrohia.  Perhaps  it  might 
with  better  reason  be  referred  to  BythineUa  or  to  Paludistrina, 

Htdrobia  utahensis  White. 

(Platell,  Fig.  20.) 

Hydirohia  utakenHa  White,  1876 ;  Geological  Report  Uinta  Mountains,  J.  W.  Powell, 
p.  132. 

Hydrobia  utahenHt  White,  1883 ;  Third  Annual  Report  of  the  United  States  Geologi- 
cal Survey,  p.  466,  pi.  27,  fig.  35. 

The  type  specimens  of  this  species  came  from  the  Wasatch  strata  at 
the  west  base  of  Musinia  Mountain,  San  Pete  County,  Utah.  It  was 
also  found  in  equivalent  strata  at  the  Wales  locality ;  but  the  latter 
specimens  are  not  well  preserved.  Copies  of  the  original  figures  are 
given  on  Plate  II  of  this  bulletin. 

In  view  of  the  close  faunal  relationship  which  the  Wasatch  Group  is 
no^  known  to  hold  to  the  Laramie,  it  seems  not  improbable  that  My- 
drobia  utahensis  ought  to  be  regarded  as  specifically  identical  with  ff, 
euUmoides  Meek  and  Hayden.  The  latter  was  obtained  from  the  Lara- 
mie strata  of  the  Upper  Missouri  Biver  region.  The  remarks  which 
are  made  concerning  the  generic  relations  of  the  preceding  species  are 
also  applicable  to  this. 
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Genus  MIOBOPYEGUS  Meek. 
MiOBOPYsaus  MiNUTULXJS  Meek  and  Hayden. 

(Plate  II,  Fig.  24.)  • 

Melania  minutulu  M.  and  H. ;  Proceedings  of  the  Academy  of  Natural  Sciences, 
Phila.,  for  1856,  p.  123. 

MieropyrgHS  minutvlus  Meek,  1876;  Report  of  the  United  States  Geological  Survey  of 
the  Territories,  Vol.  IX,  p.  575,  pi.  43,  fig.  18,  a,  h, 

Micropyrfus  ffUnutulus  White,  18a3 ;  Third  Annual  Report  of  the  United  States  Geo- 
logical Survey,  p.  465,  pi.  96,  fig.  20. 

Some  small  shells  which  were  fonnd  in  the  Wasatch  strata  at  the 
Wales  locality,  imbedded  in  one  of  the  thin  limestone  layers,  appear 
to  be  specifically  identified  with  Micropyrgus  minutulus  Meek  and  Hay- 
den. The  only  apparent  difference  is  that  the  Utah  specimens  are  some- 
what larger  than  the  dimensions  given  by  Meek  and  Hayden.  Their 
type  specimens  came  from  the  Fort  Union  Laramie  strata  in  Montana. 
The  figures  on  Plate  II  are  copied  from  Meek's  original  figures.  They 
are  muchen  larged. 

VIVIPARID/B. 

GenoB  VIVIPAEUS  Gray. 
YiYiPASus  TBOCHiFOBMis  Meek  and  Hayden. 

(Plate  I,  Figs.  1,  2,  3,  4,  and  5 ;  conf.  Figs.  6  to  13.) 

Viviparus  trooh^formis  M.  and  H. ;  Proceedings  of  the  Academy  of  Natural  Soienoes, 
Phila.,  for  1860,  p.  185. 

Viviparus  iroohiformis  White,  1875 ;  Report  upon  United  States  Geographical  Surveys 
West  of  the  One  Hundredth  Meridian,  Vol.  lY,  p.  214,  pi.  xxi,  fig.  4,  a,  &,  c 

Vwiparu8  trocih^formis  Meek,  1876 ;  Report  of  the  United  States  Geological  Survey  of 
the  Territories,  Vol.  IX,  p.  580,  pi.  44,  fig.  2,  a,  6,  c. 

Tlvipanu  trodhiformis  White,  1883 :  Third  Annual  Report  of  the  United  States  Geologi- 
cal Survey,  p.  467,  pi.  24,  figs.  10  to  16. 

Compare  also  with  F.  leidifif  V,  IMyi  var.  fortmma,  and  V.  raynold9ianit9  Meek  and- 
Hayden  (loo,  dt),  and  also  with  F.  panguitcheima  White,  Third  Annual  Re- 
port of  the  United  States  Geological  Survey,  p.  467,  pi.  25,  figs.  19, 20,  ai^d  21. 

This  species  was  originally  described  by  Meek  and  Hayden  from  the 
Laramie  strata  of  the  Upper  Missouri  Biver  region.  It  was  afterwards 
recognized  by  me  among  the  fossils  which  were  brought  from  certain 
strata  in  Utah  which  have  since  been  ascertained  to  belong  to  the 
Wasatch  groap.  Upon  a  re-examination  of  the  collections  referred  to, 
and  also  a  stady  of  those  which  I  collected  during  the  past  season  at 
the  Wales  locality,  I  am  still  convinced  that  those  Utah  examples  are 
speciiically  identical  with  the  original  specimens  brought  from  Montana. 
Furthermore,  I  find  in  the  Utah  collections  varietal  forms  which  may 
with  propriety  be  referred  respectively  to  V.  leidyi  and  V.  raynoldHanus. 
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Again,  I  find  among  those  collections  intermediate  forms  which  seem 
to  show  that  these  are  only  varieties  of  F.  trochiformia.  Some  of  these 
varietal  forms  indicate  that  V.  panguitohensis  ought  also  to  be  consid- 
ered as  a  variety  of  V.  trochiformis.  Besides  this  close  relationship 
among  theqjselves  of  the  forms  just  named,  I  have  shown  in  the  work 
last  above  cited  the  intimate  relation  which  Tulotoma  thompsoni  White 
holds  to  Viviparus  trochiformis. 

ViVIPARUS  NANUS  (sp.  nOV.). 

(Plate  II,  Figs.  18  and  19.) 

Vivipanu f  White,  1875 ;  Report  upon  United  States  Geographical  Sorveys 

West  of  the  One  Hundredth  Meridian,  Vol.  lY,  p.  215,  pi.  xxi,  fig.  7,  a,  h. 

Shell  small,  the  axis  short  as  compared  with  the  transverse  diameter; 
volutions  five  in  number,  regularly  convex ;  surface  plain. 

Height  of  the  largest  example  in  the  collection,  10°^°^;  greatest  diam- 
eter, 8"»". 

When  this  form  was  first  noticed  by  me  (loc,  dt,)  the  specimens  t;Jien 
obtained  would  not  justify  the  application  of  a  new  specific  name. 
During  the  past  season,  however,  I  collected  a  considerable  number  of 
nearly  perfect  examples,  which  indicate  that  it  really  belongs  to  an  un- 
published form.    1  have,  therefore,  given  it  a  new  specific  name. 

Jjocality  and  position. — Wasatch  strata,  near  Wales,  Utah,  and  in 
equivalent  strata  at  several  localities  in  the  Wasatch  Mountains. 

CRUSTACEA. 

CYPRIDiE. 

Genus  CYPRIS  Miiller. 
Oypris  sanpetensis  (sp.  nov.). 

(Plate  II,  Fig.  23.) 

Shell  obliquely  oblong  in  marginal  outline,  wider  behind  than  before; 
anterior  margin  rounded ;  ventral  margin  straight  and  also  a  little 
longer  thau  the  dorsal ;  posterior  margin  gently  convex,  and  sloping 
downward  and  a  little  backward  from  the  dorsal  to  the  ventral  margin; 
valves  moderately  convex,  and  a  very  slight  transverse  depression  is 
observable  towards  the  anterior  end. 

Length,  2™°> ;  height,  1"™. 

Locality  and  position. — Wasatch  strata  near  the  town  of  Wales, 
Utah. 
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PLATE  I. 

i^ 

VlVIPARUS  TBOCHIFORMI8  A^^D  RELATED  FORMS 31 

Fig.  1.  YiYipams  trochiformis  from  the  Fort  Union  beds;  a  copy  of  Meek's 

type  fignre. 
Figs.  2  and  3.  Opposite  views  of  another  ezao^ple,  also  from  the  Fort  Union 

beds. 
Figs.  4  and  5.  Opposite  views  of  an  example  from  the  Wasatch  beds  near 

Wales,  Utah.    This  specimen  is  more  elongate  than  usual. 
Figs.  6,  7,  and  8.  Views  of  each  of  the  three  types  of  V,  panguitdientk  ;  from 

Southern  Utah. 
Fig.  9.  A  oopy  of  Meek's  type  Hgnre  of  V.  leidyi. 
Figs.  10  and  11.  Copies  of  Meek's  fignres  of  F,  leidyi  var.  /ormo9u$. 
Figs.  12  and  13.  Copies  of  Meek's  fignres  of  V.  raynoldaianus. 
All  figures  on  this  plate  are  of  natural  size. 
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13 


12 


1, 2, 3. 4, 5.  Viviparus  trocbiformis. 
0, 7, 8.  V.  paagaitchensifl. 
9.  V.  leidyi. 


10 


11 


10, 11.  V.  leidyi  var.  forroosua. 
12, 13.  V.  rayuoIdHiautiH. 
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PLATE  n. 

GONIOBAfilB  TSNXBA 29 

Figs.  1  and  2.  Views  of  two  typical  examples;  nataral  size. 

OONIOBABI8  FIUFB&A. 29 

Fig.  3.  View  of  one  of  the  type  specimens;  enlarged. 

GONIOBA8I8  NXBRA8GXN8IB 28 

Figs.  4  and  5.  Views  of  two  examples  from  the  Wasatch  beds  near  Wales, 
Utah;  natural  size. 

GONIOBASIS  TENUIGABDCATA ^ 

Figs.  6, 7,  and  6,  Examples  from  the  Wasatch  strata  near  Wales,  Utah ; 

natural  size. 
Fig.  9.  Copies  of  Meek's  original  figures  of  the  type  specimen,  from  the  Fort 

Union  beds. 

LlMN^fiA  (LePTOUHNAA)  MINUSCXTLA / 22 

Fig.  10.  An  example  from  the  Wasatch  beds  near  Wales,  Utah ;  enlarged. 
Figs.  11  aud  12.  Opposite  views  of  the  type  specimen,  from  Sonthem. 
Wyoming;  enlarged. 

LiMKJBA T 22 

Fig.  13.  Lateral  view  of  an  imperfect  example ;  natural  sise. 

ACELLA  MICROinEMA 22 

Fig.  14.  A  restored  outline ;  enlarged. 

PlaKORBIS  CONVOLUTU8 23 

Fig.  15.  Copies  of  Meek's  original  Agnies. 

PlaKORBIS  (GtBAULUB)  MILITARI8 23 

Figs.  16  and  17.  Opposite  vie ws  of  one  of  the  type  specimens;  enlarged. 

ViVIPABUS  KAirus 32 

Figs.  18  and  19.  Opposite  views  of  an  adult  example ;  enlarged. 

HYDBOBIA  UTAHEX8I8 30 

Fig.  20.  Lateral  view  of  the  type  specimen ;  enlarged. 

HTDROBIA  RECTA 30 

Fig.  21.  Views  of  the  type  specimens ;  enlarged. 

ACROLOXUS  ACTINOPHORUS 26 

Fig.  22.  Apical  view  of  the  type  specimen,  from  the  Wales  locality ;  en- 
larged.   The  figure  is  a  partial  restoration,  the  specimen  having  been 
somewhat  crushed. 
Cyprib  sanpbtensis 32 

Fig.  23.  Lateral  view  of  a  left  valve ;  enlarged. 

MlCROFTRGUB  lONUTULUS 31 

Fig.  24.  Lateral  views ;  enlarged.    After  Meek. 
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1,2.  GonioWnHiH  ti'iiora. 

3.  G.  HhtVrrt. 
4,  5.  G.  nebi-HRCPUsirt 
6. 7, 8  9.  G.  tenuicariuutii. 


$ 


13.  LiniiuiM ? 


14.  Act-lla  microueina. 

15.  rianorhi.s  couvoluliis. 
10.17.  r.  miliimis. 

10.11,12.  Liroiijcsi  (Li'ptoiimmi'a)       1*^,19.   VivijiaruH  imnus. 

UliuilKClllil. 


23 


20.  Hv<ln>bia  utnbriisirt 

21.  H.'ivtMa. 

22.  ArmliixuH  acliDojilioniB. 
2{.  ('ypris  HiiipeiciiMis. 

24.   MiiropNi^iiH  iuIduIuIuh. 
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PLATE  m. 

PnT8A  flerobcahs 24 

Fig.  1.  Lateral  view  of  the  type  specimen ;  Datural  size. 

Figs.  2  and  3.  Opposite  views  of  another  example  from  the  Wasatch  beds 

near  Wales,  Utah ;  natural  size. 
Figs.  4,  5,  and  6.  Lateral  views  of  other  examples  from  the  same  locality. 

r.ULINUS  ATAVU8 25 

Figs.  7  and  8.  Copies  of  Meek's  figures  of  the  type  specimens  from  the  Ju- 
dith River  strata;  natural  size. 

Figs.  9  and  10.  Opposite  views  of  an  example  f^om  the  Wasatch  beds  near 
Wales,  Utah ;  apparently  belonging  to  this  species,  although  much  smidler 
than  the  types. 

I'lIYSA  KANABEKSief 24 

Fig.  11.  Lateral  view  of  a  crushed  and  imperfect  example  from  the  Wales 

locality;  natural  size. 
Fig.  12.  Another  fragment  from  the  same  locality. 
Fig.  IX  A  restored  outline  of  the  whole  shell. 

PlIYSA  BULLATULA 25 

Figs.  14, 15,  and  16.  Lateral  views  c  f  three  different  examples  from  the  Wales 
,       locality;  natural  size. 
Fig.  17.  Lateral  view  of  an  exam  pie  from  the  same  locality,  perhaps  be- 
longing to  this  species. 
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15 
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1,2.3.4.5,6.  PhvHftpleromatis. 
7.  8,  l».  10.  13ii)iuii8  ata\  us. 


11. 12. 13.  Phvsa  kanabensis. 
14,15.10,17.  P.  bullatula. 
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PLATE  IV. 

UnIO  REOTOmBS 21 

Fig.  i;  Right  side  view ;  natural  size. 
Unio  mendax  .-.' W 

Fig.  2.  Left  side  view ;  natural  size. 

Fig.  3.  Bight  side  view  of  a  smaller  example. 

Fig.  4.  Interior  view  of  a  portion  of  a  right  valve. 

SPH^BIUM  FORMOSUM 21 

Fig.  5.  Copies  of  Meek's  figures  of  the  type  specimen  from  the  Fort  Union 

beds ;  natural  size  and  enlarged. 
Fig.  6.  A  right  valve  from  the  Wasatch  strata  near  Wales,  Utah;  enlarged. 
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1.  Unio  rec-toides.  2, 3, 4.  U.  mendax. 


5, 6.  Spha>rium  formoHuro. 
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PLATE  V- 

UNIO  BEOTOIDBSr 21 

FigB.  1  and  2.  Opposite  yiews  of  a  ftai^ment  of  a  left  yalve. 

HWJX  ADIPIB 27 

Figs.  11  and  12.    Lateral  and  apical  views  of  one  of  the  type  specimens ; 

enlarged. 

Helix  nacimdentxnsis 86 

Figs.  3y  i,  and  5.  Upper,  nnder,  and  lateral  views  of  the  largest  and  most 

perfect  example  in  the  collection ;  natnral  size.    The  test  is  nearly  all 

exfoliated. 
Fig.  6.  Lateral  view  of  another  example,  a  portion  of  the  last  volation 

having  heen  distorted  hy  pressnie.  ' 

Fig.  7.  An  apical  portion,  showing  the  angular  character  of  the  periphery 

of  the  earlier  volutions. 

PUPAUSIDTif 27 

Figs.  8  and  9.  Opposite  views  of  a  broken  example,  but  the  best  one  in  the 

collection;  enlarged. 
Fig.  10.  Another  example,  joroshed  and  imperfect. 
All  the  specimens  figored  on  this  plate  were  collected  by  Professor  Cope  from  hi^ 
Pneroo  Group,  near  the  town  of  Naoimiento,  N.  Hex. 
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1.2.  Unio  rectoides? 
3, 4, 5, 6, 7.  Helix  DacimieDtensis. 


8.9,10.  Pupaleiilyi? 
II,] 2.  Helix  adipis. 
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PHYSICAL  PROPERTIES  OF  THE  IRON-CARBURETS. 


By  Gabl  Babus  and  Vincent  STBouHAii. 


A.  THE  INTERNAL  STRUCTURE  OF  TEMPERED  STEEL. 
INTEODUOTION. 

Theories  of  magnetization  nsaally  premise  homogeneity  of  the  mate- 
rial carrying  the  magnetic  quality.  If  the  material  is  homogeneoas, 
such  theories  still  encounter  formidable  mathematical  difficulticH,  and 
even  in  the  favorable  case  of  soft  steel  they  fail  to  predict  results  which 
are  in  satisfactory  accordance  with  experiments.^  In  proportion  as  the 
rods  become  hard  and  the  internal  structure  becomes  more  and  more 
complex,  the  phenomena  are  withdrawn  from  the  scope  of  theory  alto- 
gether, and  must  be  grouped  and  described  by  a  series  of  empiric  laws. 
It  is  clear,  however,  that  a  decided  step  in  advance  of  mere  empiricism 
will  have  been  made  when  the  conditions  of  internal  structure  shall  be 
fully  understood.  The  present  paper  is  a  first  endeavor  in  this  direction. 
We  may  add  that  what  is  here  said  respecting  magnetism  will  apply  to 
other  properties  of  steel. 

In  our  magnetic  work^  we  operated  upon  very  thin  steel  rods,  infer- 
ring that  where  diameter  decreases  indefinitely  structure  will  more  and 
more  completely  vanish ;  but  to  what  degree  this  assumption  is  war- 
ranted for  diameters  within  the  reach  of  experimental  methods  cannot 
be  foreseen.  In  other  words,  we  do  not  know  to  what  extent  our  re- 
sults fail  to  express,  the  permanent  magnetization  of  steel,  pasvsing 
hamogeneonsly  from  hard  to  soft. .  Even  if  it  be  granted  that  the  error 
due  to  surface  .decarburation  is  nil,  we  have  still  to  take  into  account 
the  structural  effects  originally  observed  by  Fromme.^  We  have  di- 
gested his  results  in  the  accompanying  table,  and  from  these  computed 
a  few  supplementary  data  to  give  the  table  fullness.  The  latter  are  in- 
closed in  parentheses.  In  the  table,  Jf,  p,  J  denote  the  mass  in  grammes, 
the  radius  in  centimeters,  and  the  density,  respectively,  of  the  given 
glass-hard  rod,  after  the  removal  of  the  number  of  shells  indicated  in 
the  first  column.    The  mean  radius,  thickness,  mass,  and  density  of 

1  Cf.  U.  S.  Geol.  Surv.  BuU.  14,  pp.  113,  114. 

•Bull.  14,  chape. V, VI. 

«C.  Fromme:  Wied.  Ann.,  VIII,  p.  355,  1879. 
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the  consecutive  shells  are  given  under  ii,  5,  //,  d.  The  second  colamn 
contains  the  number  of  days  during  which  the  rod  was  left  in  dilute 
acid  to  effect  the  removal  of  shells.  Fromme  determined  /i  once  per 
day.  We  may  remark  that  the  rod  used  was  twice  glass-hardened, 
and  that  after  losing  the  three  shells  mentioned,  it  showed  internal 
fissures.    This  led  Fromme  to  abandon  the  experiment. 

Table  shovcing  Fromme^s  results  for  etruoture. 


ShelL 

Days. 

M 

P 

A 

R 

& 

**    • 

6 

0 

0 
9 
16 
20 

80.450 
20.746 
28.043 
27.020 

(0. 8687) 

7  TlflT 

1 1 

(0.3504)     7.7180 
(0.8896)     7.7412 
(0.8840)     7  7i9n 

(0.3620) 
(0.8450) 
(0.3868) 

(0.0083) 
(0.0108) 
(0.0056) 

a704 
L703 
1.014 

10l5 

2 

7.8 

(ai) 

It  is  to  us  a  matter  of  no  little  surprise  that  after  having  obtained 
these  startling  results,  the  significance  of  which  Fromme  fully  appreci- 
ated, he  should  have  given  the  work  no  further  consideration.  The  Bar- 
face  densities  here  encountered  are  almost  incredibly  large,  especially  so 
because  the  rod,  having  been  twice  quenched,  must  have  been  super- 
ficially decarbnrized,  and  because  it  was  internally  cracked.  And  yet, 
in  spite  of  the  dangerously  small  values  of  5,  the  values  for  J  are  so 
pronounced  that  thedatafor  d  must  in  their  general  variations  becorrect. 
Hence  these  abnormal  values,  and  the  probable  occurrence  of  changes  of 
strain  implied,  together  with  intimations  of  singular  periodic  relations, 
give  this  short  series  of  results  unusual  physical  imi)ortance. 

Guided  by  these  data,  many  of  our  experiments  were  made  chiefly 
with  reference  to  surface  effects.  Nevertheless,  our  main  object  in  this 
paper  is  to  follow  the  phenomenon  of  structure  throughout  compara- 
tively great  ranges  of  depth.  Hence  our  shells  are  necessarily^  chosen 
thicker  (0.01"™  to  0.1«"),  and  for  this  reason,  possibly,  we  did  not  detect 
the  enormous  condensation  of  Fromme's  filmy  shells,  if,  indeed,  in  the 
steel  examined  such  densities  existed.  Aside  from  this  difference  in 
degree,  in  the  method  chosen,  and  in  the  material-employed  our  results 
corroborate  the  data  of  Fromme  in  a  general  way.  We  also  encounter 
harmonic  variations  of  d  which  appear  to  be  actual  occurrences,  inas- 
much as  they  cannot  satisfactorily  be  referred  to  periodic  distribations 
of  errors. 

APPARATUS. 

Steel. — Our  steel,  as  we  subsequently  found,  was  not  the  best  for  the 
purpose,  being  a  coarse-grained  metal,  quite  brittle  in  the  glass-hard 
state.  This  steel  readily  cracks  on  quenching,  easily  loses  carbon  at 
the  surface,  and  is  probably  incapable  of  carrying  inore  than  small 
values  of  stress.    If  the  temperature  before  quenching  be  too  high,  the 

^  It  is  impossible  to  retain  perfect  cylindricity  when  many  shells  are  removed  by 
solution.    See  p.  49. 
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superficial  layers  rarely  show  hardness  at  all.  All  this  taken  together 
may  explain  why  the  values  of  density  in  hand  vary  within  an  interval 
so  much  smaller  than  was  the  case  in  Fromme's  investigation.  Some 
of  our  experiments,  however,  were  made  with  other  kinds  of  steel.  A 
priori  there  is  no  reason  why  results  for  the  structure  of  the  material 
in  question  are  not  just  as  important  as  results  for  the  structure  of  any 
other  kind  of  steel.  The  objectionable  qualities  enumerated  have  indeed 
led  to  some  special  results.  We  show  in  the  sequel  that  the  chemical 
constitution  of  steel  is  one  of  the  essential  factors  determining  structure; 
that  in  a  full  investigation  it  will  be  necessary  to  extend  the  experiments 
to  as  many  kinds  of  steel  as  possible. 

In  all  cases,  however,  the  mechanical  hardness  exhibited  by  our  steel 
in  the  tempered  state  was  exceptionally  great.  Moreover,  the  density 
interval  hard-soft  is  here  as  large  as  we  have  found  it  in  any  other  kind 
of  steel.  It  appears,  indeed,  that  the  magnitude  of  this  interval  is 
modified  chiefly  by  carburation,  and  that  for  moderate  thicknesses  it 
is  almost  independent  of  dimensions — a  deduction  at  variance  with 
earlier  results  of  Fromme  and  our  own.  Cylindrical  figures  were  oper- 
ated on  in  all  cases. 

Crucible, — To  impart  to  the  thick  steel  cylinders  the  desirable  uni- 
formity of  red  heat  before  quenching,  they 
were  heated  in  a  cylindrical  iron  box  (height 
8.5*^™,  diameter  4<"",  inside  measure)  made 
of  gas-pipe  supplies.  The  box  was  heavily 
coated  with  oxide  internally,  and  the  cylinder 
was  placed  therein  on  a  layer  of  asbestus,  as 
shown  in  Fig.  1. 

This  apparatus  is   introduced  into  a  large  J^ 

Fletcher  crucible  furnace  and  heated  to  the  de-  2 

gree  of  redness  necessary.  The  temperature 
of  the  cylinder  must  be  specially  observed  from 
time  to  time  by  momentary  removals  of  the 
lid.  The  iron  box  is  further  useful,  inasmuch 
as  oxidation,  carburation,  and  decarburation 
are  very  nearly  avoided.     The  surfaces  of  the 

cylinders  remain  smooth,  showing  the  colored  no.i.  CracibieforheatingateeL 
films  only. 

Apparattis  for  quenching, — This  apparatus  is  also  made  of  gas-pipe 
supplies,  as  shown  in  Fig.  2.  When  in  use  it  is  placed  vertically  in 
the  neighborhood  of  a  hydrant,  and  a  swift  current  of  water  is  passed 
through  it,  as  indicated  by  the  arrows.  Dimensions  of  main  reservoir: 
Length,  25*^™ ;  diameter,  S*^"*,  inside  measure.  Diameter  of  supply-tube, 
2.5*^.  l^ear  the  lower  end  of  the  apparatus  is  a  false  bottom  of  wire 
gauze,  a  a,  held  in  place  by  an  iron  ring.  The  object  of  this  is  to 
hold  the  steel  suspended  in  the  current.    The  cylinder,  having  been 
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heated  to  the  temperature  desired,  is  carried  to  the  qaeDcher  in  the 
(closed)  cracible ;  after  this  the  lid  is  qaickly  taken  off,  and  the  cylinder 
is  dropped  into  the  water.  The  advantages  and  dis- 
advantages of  qnenching  in  a  current  of  water  have  so 
frequently  been  discussed  that  comment  is  unnecessary 
here.  It  is  certainly  the  best  method  for  the  present 
purposes. 

Cell  fur  solution. — For  the  purpose  of  removing  con- 
secutive shells  from  the  cylinder,  we  tried  at  first  to 
use  a  carbon-pointed  master-tool  on  the  lathe.  But 
steel  is  too  tenacious  and  diamond  too  brittle ;  so  that 
even  in  the  case  of  stones  ground  with  sharp  cutting 
edges  the  work  is  rather  scraped  or  ground  than  cat. 
The  progress  made  is  therefore  exceedingly  slow,  and 
the  utmost  care  roust  b .^  taken  to  avoid  appreciable 
rise  of  temperature  from  friction.  This  tedious  process 
was  therefore  rejected,  and  a  method  in  which  the  shells 
are  removed  by  galvanic  solution  was  used  in  its  stead. 
After  solution  the  cylinders  were  trued  and  smoothed 
as  far  as  necessary  by  the  diamond  point,  scraping  un- 
der a  current  of  water. 

In  order  to  secure  uniformity  of  solution  over  the 
whole  cylindrical  surface  of  the  steel,  we  devised  the 
special  cell  figured  in  the  diagram,  Fig.  3  (page  15). 

This  consists  essentially  of  a  steel  clamp,  o  ab  d  e  c^ 
the  ends  of  which  are  sharpened  conically,  and  fit  into 
conical  depressions,  c  c,  in  the  end  surfaces  of  the  cylinder  operated 
upon.  A  drum,  A  B  D  E,  the  cylindrical  surface  of  which  is  of  sheet 
copper,  with  the  ends  A  B  and  D  E  closed  by  plates  of  suitably  per- 
forated vulcanite,  surrounds  the  cylinder  symmetrically  on  all  sides. 
The  steel  arm  a  c  passes  through  the  center  of  the  upper  plate.  The 
lower  plate  has  a  much  larger  perforation,  enabling  the  drum  to  slide 
easily  over  the  cylinder  and  fitted  to  a  wooden  collar,  F  F. 

Together  with  the  side  of  clamp  e  dy  the  collar  J^  J^  serves  as  a  kind 
of  foot  for  the  apparatus.  When  in  use  the  cell  is  plunged  into  a  large 
vessel  containing  the  electrolyte,  and  is  submerged  at  least  above  the  up- 
per face  A  B  of  the  drum.  To  prevent  corrosion,  the  clamp  cab  d  e  c 
is  completely  enveloped  in  an  insulating  coat  of  rubber  hose.  For  the 
same  purpose  the  ends  of  the  cylinder  are  painted  with  asphaltum. 
Having  sprung  it  into  position,  the  insulation  of  the  clamp  is  made  con- 
tinuous with  the  insulation  on  the  ends  of  the  cylinder  by  covering  all 
exposed  parts  with  a  thick  layer  of  paraffine. 

The  current  enters  the  clamp  at  -fa,  passing  into  the  cylinder  from 
both  ends ;  thence  across  the  electrolyte  to  the  drum ;  finally  by  the 
gutta-percha-covered  wire  B—  back  to  the  battery.    It  is  well  to  cover 
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the  inner  surface  of  the  dram,  above  the  npper  and  below  the  lower 
planes  of  the  ends  of  the  cylinder^  with  asphaltum.  In  this  case  the 
axes  of  the  tabes  of  flow  are  radial 
lines.  In  other  cases  they  are 
crowded  either  near  the  ends  or  near* 
the  equatorial  parts  of  the  cylinder, 
and  solntion  takes  place  at  greater 
rates  in  those  parts. 

Two  to  ten  Grove  cells,  flat  pat- 
tern, vulcanite  cups,  connected  either 
in  series  or  in  multiple  arc,  supplied 
the  amount  of  current  necessary. 
These  cells  are  by  no  means  constant, 
and  are  practically  exhausted  for  the 
present  purposes  in  two  hours.  The 
quantity  of  steel  dissolved  without 
current  being  slight,  we  were  able  to 
supervise  and  regulate  the  rate  of 
solntion  satisfactorily  by  inserting  a 
Siemens'  amperimeter.  The  whole 
process  was  therefore  well  under  con- 
trol. Usually  the  strength  of  cur- 
rent was  so  chosen  as  to  dissolve  an 
average  total  amount  of  10  g.  to  16 
g.  during  each  experiment. 

The  follo'wing  little  table,  selected 
at  random  from  many  data,  contains 
the  statistics  of  solution  and  exhib- 
its  the  mean  efficiency  of  the  battery 
(current  in  amperes)  perspicuously:         fio.  8.  Holder  for  galvanic  uoinUon. 


Time. 

Current. 

Time. 

Current. 

A.     m. 
10      10 

3.0- 

A.      m. 
10      55 

10.6 

15 

8.7 

'             60 

9.8 

20 

11.0 

11        5 

8.4 

25 

12.2 

!             10 

7.4 

80 

12.8 

i             15 

0.9 

35 

13.0 

25 

5.8 

40 

12.8 

45 

3.6 

46 

12.2 

!    12      15 

0.5 

50 

11.3 

During  the  solution  of  superficial  shells  the  cylinders  frequently 
showed  symmetrical  furrows  and. ridges,  probably  indicative  of  certain 
varieties  of  structure  of  the  soft  bars.  Usually,  however,  the  surfaces 
were  merely  rough  and  pitted,  heavily  coated  with  carbon,  somewhat 
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irregular;  so  that  truing  with  the  diamond  is  indispensable.  In  some 
rare  instances  glossy  sorfaoes  appeared,  or  again  rough  surfaces  par- 
tiallj  mottled  with  glossy  patches.  All  this  is  probably  connected 
with  the  passivity  of  iron.  Solution  is  best  effected  in  dilute  hydro- 
chloric acid.  In  the  case  of  dilute  sulphuric  add  the  occurrence  of 
I)as8ive  iron  and  reduced  rates  of  solution  are  a  frequent  annoyance. 
The  ferric  chlorides  attack  copper,  and  are  therefore  objectionable.  So- 
lution in  oxalates,  though  distinctly  perceptible,  is  practically  nil.^ 

The  central  depressions  or  holes  in  the  end  surfaces  of  the  steel  cyl- 
inders have  thus  far  been  described  only  as  subserving  the  purposes  of 

holding  the  cylinders  in  the  dissolving  cells, 
and  (during  truing)  in  the  lathe.  But  they 
are  further  useful,  in  the  density  work  in  ques- 
tion, as  a  means  for  attaching  the  suspension. 
This  is  clearly  shown  in  the  annexed  cut.  Fig. 
4.  This  method  of  fastening  is  again  employed 
in  the  resistance  measurements. 


Fio.  4.— ^Method  of  nupeiMioiL 


EXPERIMENTAL  RESULTS. 

Results  for  density, — The  results  of  our  meas- 
urements are  given  in  the  following  tables,  and 
it  has  been  our  endeavor  so  to  arrange  them  that  data  referring  to  cores 
and  shells  of  like  order  may  be  easily  compared. 

Table  1  contains  the  constants  of  the  cylinders  in  the  soft  state,  in 
which  they  reached  our  hands.  JSl  is  the  weight  in  grammes  for  the 
length  I  and  diameter  2p  of  cylinder.  The  latter  dimension  was  deter- 
minable with  some  accuracy  by  means  of  a  small  spherometer.  Using 
this  datum  and  the  known  density  we  calculated  I.  In  case  of  cylinders 
as  thick  as  these,  it  is  not  easy  to  obtain  accurate  mean  values  for  {  by 
mere  measurement.  But  the  difference  between  observed  and  calcu- 
lated { in  the  tables  is  almost  wholly  due  to  th6  differences  in  the  fac- 
tors of  the  two  centimeter  scales  (spherometer  screw  and  rule)  employed- 
^x  IS  the  observed  density  at  t^.  From  this  we  computed  J,  the  density 
at  Oo,  and  (7,  the  corresponding  value  for  specific  volume  (volume  of  the 
unit  of  mass),  by  accepting  0.000036  as  the  coefficient  of  cubical  ex- 
pansion of  steel. 

Table  1. — Data  far  the  commercial  (soft)  state. 


Ko. 

M 

I  obTOPved. 

I  c«lcalAted. 

2p  olMerred.  |     (          At 

A 

Mean  A 

V 

1 

832.4745 

cm, 
5.96 

em. 

6.013 

em.         [  00.  '              1 
8.0006,24.6     7.8268     7.8837 

7.8337 

0.127654 

2 

832.4955 

5.98 

6.024 

2.9953     24.0     7.8270  '  7.8337 

7.8337  <  0.127654 

8 

149.8085 

5.97 

6.006 

2.0189     24.0,7.8296     7.8368 

7.8363  '  0.127612 

4 

149.9675 

5.97 

6.024 

2.0118     23.8     7.6304 

7.8371 

7.8371  ;  a  127508 

6 

5 

87.6219 
37.6217 

6.00 

6.026 

1. 0085     24. 0     7. 8270 
1  96.8      7.8287 

7.8338 
7.8362 

1  7.8350  '  a  137683 

1                         1 

^  We  are  indebted  to  Prof.  F.  A,  Goocb  for  advice  in  much  of  thU  work. 
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Tables  2  and  3  contain  the  first  series  of  resalts.  As  above.  My  p, 
tj  Jj  f7  are  the  symbols  of  mass,  radios,  temperature,  density,  specific 
volame,  respectively,  of  the  cores.  Again,  IC,  5,  /i,  6  are,  respectively, 
tho  symbols  of  mean  radius,  thickness,  mass,  density  of  the  elementary 
shells.  If  we  denote  the  number  of  the  shell  by  a  subscript,  and  if  the 
first  core  be  the  volume  of  cylinder  left  after  removing  the  first  shell, 
then  the  relations  between  the  quantities  in  the  tables  are  succinctly 
these: 

^^P^l  —P.  Mn^M^l  —  M^ 

*«=A-i+2^  (^n-i—A)    .    .    .     Conserved) 
*,=  « f^ — =nr — (calculated) 

This  distinction  between  observed  and  calculated  is  not  quite  rigid, 
because  both  data  involve  J,  but  the  other  quantities  are  different 

Tables  4  and  5  contain'the  second  series  of  results,  and  are  constructed 
on  the  same  plan  as  Tables  2  and  3.  Little  further  explanation  is  there- 
fore required.  When  observations  of  A  were  made  on  different  days, 
the  date  of  each  is  usually  given.  We  may  remark  that  in  these  and 
the  preceding  tables  ''diameter  observed''  is  usually  the  mean  of  ten 
measurements  made  with  a  screw  micrometer  caliper.  In  the  case  of 
rough  surfaces,  where  frequent  repetitions  are  essential,  this  instrument 
is  preferable  to  the  spherometer.  Except  where  otherwise  stated,  the 
surface  has  been  turned  smooth  by  the  diamond. 

To  facilitate  comparison  Tables  2  and  3  are  printed  in  parallel  form 
(pp.  18-23),  as  are  also  Tables  4  and  5  (pp.  24-27). 

(469) 
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PHYSICAL   PROPERTIES   OF   THE   IRON-CARBURETS.     [Boii.8i 


Tablb  2, — CyUnd(T8  in  the  glass-hard  state.    Constants  of  the  consecutive  cores.   First 

of  measurements. 


[1  = 

6  cm.  approxlmAtely.j 

Bo. 

M 

aenred. 

poalca- 

t 

Ai 

A 

1 
Mean  A 

V 

Bamwka. 

1 

832.1020 

1.6041 

L5054 

21.8 
24.2 
22.7 
24.0 
22.4 
18.2 

7.7680 
7.7684 
7.7457 
7.7464 
7.7881 
7.7893 

7.7738 
7.7760 
,  7.7621 
7.7620 
7.7442 
7.74a 

7.7744 

0.128627 

8 

149.7448 

L0112 

1.0123 

7.7620 

a  128806 

5 

87.6018 

a6081 

7.7442 

0.128129 

1      

Ml,  Pi,  A,  (7i. 

1 

8aL8877 

L4882 

L4823 

28.1 
26.2 

28.0 
26.2 

7.7671 
7.7663 

7. 7419 
7.7417 

7.7786 
7.7784 

7.7485 
7.7486 

7.7734  '0.128644 
1 

1 

8 

14flL4128 

0.0806 

L0012 

7. 7486  j  0. 128057 

:   1 

M%,  Pi,  Ji,  ^a. 

1 

807.0880 

L4600 

1.4477 

21.0 
21.0 

2L8 
2L8 

7.7667 
7.7666 

7.  7411 
7.7403 

7.7728 
7.7726 

7.7472 
7.7464 

7.7727 

ai28656 

8 

182.6683 

0.0582 

0.0528 

7.7460 

0.120084 

• 

M,,  p,,  ^^  i7». 

1 

888.8884 

L4164 

L4124 

21.6 
22.0 
22.0 
22.6 

7.7685 
7.7673 
7.7884 
7.7806 

7.7746 
7.7787 
7.7446 
7.7460 

7.7742 

0.188681 

8 

110.1062 

0.0061 

0.8086 

7.7468 

0.120U1 

^4,   Pi,    Aa,    J^a, 

1 

880.8880 

L8806 

L8888 

SLl 
22.2 
8L4 
210 

7.7677 
7.7671 
7.7417 
7. 7421 

7.7786 
7.7782 
7.7476 
7.7482 

7.7734 

ai88644 

8 

107.1746 

0.8686 

0.8666 

7.7479 

0.188067 

*""• 

JVfc  pfc  A^  pr*. 

] 

808. 8008 

1.8671 

22.0 
82.1 
21.8 
22.0 

7.7687 
7.7600 
7.7421 
7.7480 

7.7748 
7.7761 
7.7482 
7.7401 

7.7760 

0.128017 

8 

8L0888 

OL7804 

7.7486 

0.120066 
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Tablb  3.— Cy/indera  in  ike  glasa-hard  state.   ConetanU  of  the  eaneeoutioe 

Firet  seriee  of  meaeuremente. 

[I  s  6  om.  approxiouitoly.] 
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Ha 

it  Ob- 

Mivod* 

Jteolca- 
lAted. 

^ob. 
■erred. 

d  oaloa* 
lated. 

f 

aob- 

served. 

Bonlon- 
lated. 

BeoiMki. 

1 



8 

;  Longitudinal  omek  Ap- 
parent in  die  mantto 

5 

LoDgitadinally  ondke^ 

First  shell.    Bi,  ^i,  fix,  6i. 


1 

L48M 

L4089 

OlOSOO 

0.0231 

10.1643 

7.800 

7.806 

Shell   fllable;    lemored 

• 

LOOM 

L0068 

a  0110 

o.om 

8.8810 

7.004 

7. 014 

tools. 
Do. 

Second  shell.    3%,  dt,  |i«,  6%. 


I 

L48i6 

L46B0 

0.0882 

0.0846 

14.8757 

7.776 

7.702 

BheU    cot  fllaUei    dia- 
aoWedoffgalvaDlcally. 

8 

a97M 

0.0770 

0.0465 

a0484 

18.8471 

7.765 

7.W2 

Traed  iri|  i  dlamondi 
•bell  very  nard. 

Same.  Longitadinal  and 
transTflrse  oraoka  i^ 

Third  shell.    Bt,  t^t,  ;<t,  S^. 


1 

L4882 

L4801 

010886 

0L0853 

14.7886 

7.741 

7.788 

• 

0L9281 

0.0282 

0.0481 

a0402 

18.8670 

7.762 

7.788 

Tertioal  and  transrerae 
oraoka  or  oroTloea  fia* 

Ible. 

Fourth  shell.    B4,  ^*,  ih^  S4, 


1 

L4080 

L8078 

0.0260 

0.0291 

1L08O5 

7.786 

7.704 

SnrftMe    abowa  acalj 
fraotnxe. 

t 

0L8858 

0.8801 

0.0415 

0.0470 

12.0287 

7.718 

7.728 

Do. 

Fifth  shell.    B^t  ^t,  /id,  ^b* 


•^ 

L8702 

a027 

0.0262 

10.4021 

7.788 

* 

8 

0.8280 

0.068 

0.0672 

16.1607 

7.744 
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PHYSICAL   PROPEBTIES   OF   THE   IR0N-0ABBUBET8.     [«oll- 


Table  2. — OffUnden  in  the  gUus-hard  state.    Conetants  of  the  camecuthe  eoree.    Firtim' 
ries  of  measurements  —  Continued. 


M5.P., 

^•»r»- 

Vo. 

M 

pob- 
■erved. 

P  oalca- 
laied. 

t 

At 

A 

Hem  A 

V 

Bemirks. 

2i&7900 

1.8026 

L2974 

19.5 
20.8 
19.0 
21.4 

7.7732 
7.7724 
7.7472 
7.7481 

7.7786 

7.7782 

7.7426 

^7.7439 

7.7784 

0.128561 

7L6405 

0.7068 

0.7002 

7.7682 

ai28979 

Mt,  Pi,  ^7.  Tt. 

92&tt7» 

L2556 

1.2408 

19.5 
20.8 
20.0 

2L2 

7.7756 
7.7766 
7.7507 

7.7517 

7.7812 
7.7814 
7.7868 

'  7.7568 

7.7818 

<^  128618 

66.7829 

0L6812 

0.6282 

7.7566 

0.188023 

^>  P9,  ^8,  r» 

S11.2518 

L2088 

1.2001 

18.8 
19.8 
19.2 
22.0 

7.7767 
7.7758 
7.7478 
7.7475 

7.7820 
7.7814 
7.7581 
7.7586 

7. 7817 

0.128507 

48.2270 

a0O69 

0L5488 

7.7688 

ai28860 

Mo,  p9.  ^9,  7^ 

10816860 

1.1759 

1.1664 

21.6 
22.0 
22.0 
22.5 

7.rm 

7.7780 
7.7532 
7.7686 

7.7841 
7.7841 
7.7598 
7.71UM 

7.7841 

0.128407 

86.1096 

0.6086 

a  4975 

7.7596 

0.138874 

Mio,  pio*  ^10.  rio- 

1812878 

3.1858 

L1176 

2L8 
21.9 
21.9 
21.6 

7.7806 
7.7811 
7.7561 
7.7591 

7.7866 
7.7872 
7.7622 
7.7652 

7.7869 

ai88421 

29.7464 

0.4608 

0.4508 

7.7687 

0.128804 

Mu>  pii)  ^11,  r""' 

» 

106.7880 

L0725 

L0666 

21.4 
21.2 
2L5 
2L0 

7.7884 
7.7887 
7.7558 
7.7566 

7.7898 
7.7895 
7.7618 
7.7624 

7.7894 

0.128880 

S6.0084 

0.4182 

0.4184 

7.7621 

0.188881 

Mit,  P|9|  ^lif  ^l%> 

148.7916 

L0269 

1.0099 

19.2 

7.7806  i      7.7919 

7.7919 

0.138388 

80.4688 
90.8488 

0.8771 

018784 

17.4 
IOlO 

7.7598 
T.7618 

7.7646 

7.  HOI 

T.1W 

0.288771 

— 

— 
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Sixth  sheU.    B6,^9,M^^ 


21 


So. 

MrTMU 

lated. 

dob- 
lerred. 

Utod. 

M 

aob- 

Mrred. 

aoslon- 
Uted. 

Bmsrks. 

l.t296 

1.837S 

0.0646 

a0507 

28.1068 

7.784 

7.741 

a7481 

0.7448 

010828 

0.0888 

18.8888 

7.728 

7.782 

• 

Seventh  shell.    Bj,  ^Ty  Mit 

Jr. 

1.27W 

1.3W1 

0.0470 

0.0606 

20.0880 

7.740 

7.747 

OlMM 

oioei? 

a0758 

0.8770 

14.8076 

7.788 

7.740 

Cuioiuily  (loMyiillcri^ 
lQtimi|omdcstfflp«r* 

Eighth  theU.    £«,  ^  ^.^  4. 

I.  law 

L89M 

0.0122 

0.0407 

14.0781 

7.7n 

7.776 

aetot 

0.6686 

0.0888 

0.0794 

18.6668 

7.767 

7.766 

Ninth  Bhell.    B9,^fi9,d^ 

LlMt 

1.1889 

OlOITS 

0.0887 

1L8168 

7.780 

7.741 

^•Mi 

OiOI68 

0.0488 

a0488 

7.0274 

7.722 

7.796 

Tenth  shell,    i^u^  t^io,  a«io»  ^•^ 

tiwy 

L14M 

110606 

010488 

16L8978 

7.768 

7.761 

oiMia 

114748 

0.0488 

0LO467 

6L4682 

7.787 

7.748 

Eleventh  sheU.    Bn,  d,„  fi 

111  ^'ii* 

LIWi 

L881S 

0.0688 

a  0618 

16L60O 

7.768 

7.768 

0L48N 

0.4881 

0L0421 

0.0874 

4.7». 

7.772 

7.772 



Twelfth  shell.     £,,,  di>,  fi 

Ity  ''il- 

•1.04W 

tL0i77 

•0.0466 

fO.0667 

16.0416 

7.761 

7.768 

•Boagh.           tSmooik 

•O.S97« 

fa  8884 

*0i0410 

f0.0400 

4.6808 

7.746 

7.747 
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PHYSICAL   PROPERTIES   OP   THE   IRON-CARBURETS.     [bcu.» 


Tabim  2.''0fUnden  in  the  glan-hard  9taU,    ConstanU  of  ike  eonBeouUve  corm.   Jfnt 
•eriea  of  meoMiromeiita— Continned. 


Ho. 

U 

J^^ 

poaloa- 

t 

At 

A 

Mean  A 

A 

B--*. 

1 

I88L8882 
18&2O07 

o,vm 

a0714 

1&7 
SLO 

7.7887 
7.7872 

7.7800 
7.7883 

7.79U 

01188862 

• 

0.S854 

'"• 

A^M>  pi4i  ^i4>  r""* 


1 

187.5071 
137.6088 

0l9«17 

0.8810 

21.8 
28.1 

7.7878 
7.7872 

7.7880 
7.7880, 

7.7887 

Ol  128806 

8 

0.8880 

Mist  Put  ^i$9  F^ 


U7.a88 
117.4414 


a8088 


82.2 
20.0 


7.7014 
7.7027 


7.7876 
7.7063 


7.7870 


01128888 


Mte,  pi6f  ^i6»  ^w- 


1 

10&8048 
100.8636 

0.8061 

0.8680 

10l8 
2L1 

7.7064 
7.7042 

7.8010 
7.7988 

7.7800 

0.126207 

MiT,  Pit,  ^>7»  ^it* 

1 

87.0882 
87.8874 

a8861 

0L8181 

18.8 
2L2 

7.7901 
7.7968 

7.8017 
7.8010 

7.8017 

0.128177 

•MlSy  plRy    ^ISy    P'lS- 

1 

86.1888 
00.1881 

017767 

0L7O66 

20.6 
22.2 

7.7801 
7.7947 

7.8017 
7.8008 

7.8018 

a  128184 

BmiatoriiaiMrte 
jfurtfllaUST 

Mi9y  PlOy  ^19f  ^1»> 


74.8661 
74.8678 


0.7888 


0.7186 


28L0 


7.7078 
7.7000 


7.8081 
7.8024 


7.8027 


0.188101 


01.400i 
61.4078 


■M«Oi  p90»  ^90y  ^n* 


0.0616 


0.0462 


10.4 
22.2 


7.7073 
7. 7931 


7.8020 
7.7002 


7.8000 


0.128100 


Fll6Abto. 
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Tablb  3. — Cfflinder$  in  the  glass-hard  state.    Constants  of  the  oonseoutitfe  elementary  shells. 
First  series  of  measurements — ContionecL 

Thirteenth  shelL    B19,  ^u,  KiSf  4«. 


ITa 

Bob- 
aeiT«d. 

XoiJoa- 
l»ted. 

dob- 
■erred. 

d  calcu- 
lated. 

l« 

aob. 

aexred. 

doalea. 
lated. 

Jt&maarkn, 

1 

*1.0081 

to.  0907 

•0.0477 

to.  0885 

11.S200 

7.800 

7.800 

*Boiigh.          f  Smooth. 

f 

asm 

•0.0417 

FourteeDth  shell.    i2i4,  ^4,  /int  ()u* 


1 

aM06 

0.0516 

0.0876 

a0305 

U.0064 

7.702 

7.758 

t 

0L8103 

No.  8  teokOL 

Fifteenth  shell.    Bu,  ^  f^u  ^is- 


1        0.91290        0.0128        0.0894        0.0880      10.1268         7.740         7.745 


Sixteenth  shell.    Bi^,  ^i«,  /ti9,  dit* 


1        0l8887        018738        0.0872        0.0413      10.5761  7.775         7.778 


Seventeenth  shell.    J^n,  ^n  Mni  ^t* 


1        0.8451        a8343        0.0809        0.0865        8.9264         7.781         7.780 


Eighteenth  shell.    Bib,  ^u,  /<i8t  ^s* 


1        0.8009       Ol7908       0.0485       0.0505      11.7445         7.805         7.805    Equatorial  parts  illaUe. 


Nineteenth  shell.    Bib,  ^19,  /ijs,  619, 


1        a7508        0.7896        0i0580        0l0581      11.8256         7.792         7.7SS 


Twentieth  shell.    Baa,  ^  fin,  ^ 


1    0.6876    0.6790    0.0723    0.0678   13.4591    7.811    7.810 
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PHYSICAL   PB0PEBTIE8   OF   THE   IB0N-CARBURET8.     (bolub. 


Tabijb  4. — CylinderB  in  the  gUuB-hard  state,    Constanta  of  the  oonsea^tive  cores.    Seesnd 

series  of  measurements. 

[1b=6  cm.  approziinately.] 


No. 

IC 

pob. 
served. 

p  calon- 
lAted. 

t 

At 

A 

Mean  A 

V 

Bemaiki. 

8 

882.2677 

1.5010 

1.5043 

22.2 
22.8 
22.0 
17.8 
22.2 
17.9 

7.7841 
7.7837 
7.7678 
7.7690 
7.7975 
7.7992 

7.7902 
7.7396 
7.7789 
7.7740 
7.8036 
7.8042 

7.7900 

a  128370 

4 

149.8989 

L0188 

1.0114 

7.7740 

0.128684 

6 

11&8&61 

0.8919 

0.8856 

7.8089 

0.128141 

Ml,  frn  jdij  ^i. 


82L1428 

8aa6418 

144.7017 
144.7017 

loauoi 
loauoi 

1.4786 

li4785 

23.9 

19.4 

28.8 
19L8 
28.6 
19.8 

7.7798 

7.7889 

7.7661 
7.7682 

7.7984 
7.7966 

7.7864 

7.7892 

7.7727 
7.7788 
7.8000 
7.8022 

7.7878 

0.128406 

0L997O 

0.9988 

7.7788 

0.128646 

0.8853 

0.8575 

7.80U 

OL 128187 

Boagh.     Oot  91^ 
1885. 

SmootlL     OstSl, 

Oct.  28. 188& 
Oct.  81, 188S. 
Oct.  29,18861 
Oct.  81, 188& 


aDUBBrence  in  A  possibly  the  resnlt  of  shxlnlcage. 
Ma,  pit  jdit  ^«« 


2 

810.9600 
810.6635 
136.9445 
136.7036 
100.5121 
100.1245 

L4568 

1.4549 

20.8 
2L2 
19.4 
19.6 
20.0 
20.1 

7.7832 
7.7842 
7.7681 
7.7697 
7.7924 
7.7969 

7.7888 
7.7900 
7.7784 
7.7758 
7.7980 
7.8015 

7.7894 

0.128880 

Smooth. 

4 

0.9688 

0  9668 

7.7748 

0.128829 

Roagh. 
Smooth. 

6 

0.8814 

0.8260 

7.7997 

0.128210 

Bom^ 
Smooth. 

Mz,  ps,  jdt,  ^». 


2 

297.6610 
297.6650 
126.3200 
126.8191 
89.6886 
89.6877 

L4260 

L4237 

22.2 
22.3 
22.0 
23.4 
21.2 
23.7 

7.7849 
7.7853 
7  7690 
7.7685 
7.7929 
7.7920 

7.7910 
7. 7914 
7.7751 
7.7749 
7.7987 
7.7984 

7.7912 

OL 188880 

4 

0.9827 

0.9284 

7.7750 

0.128617 

6 

0.7876 

0.7809 

7.7986 

0.128880 

M4,  Pi, 

^4»  r*- 

S 

285.8820 
285.8392 
116.8412 
116.3427 
78L2544 
79.2580 

1.4001 

1.8930 

22.0 
21.1 
22.4 
20.4 
20.6 
22.6 

7.7865 
7.7862 
7.7706 
7.7721 
7.7940 
7.7919 

7.7926 
7.7920 
7.7767 
7.7779 
7.7998 
7.7983 

7.7923 

0.128882 

4 

a9024 

0.8908 

7.7773 

0.128879 

8 

0.7486 

0.7342 

7.7990 

0.128282 
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Taalx  b.—0jflinder8  in  th^  glasB-hard  8tate.     Con9iant$  of  1k9  oonMOKfivt  eUmentoff 
8helli.    Secon  d  $erie$  of  mea9uroment$, 

[lss6  em.  Bpprozimatcly.  | 
Bo,  *©,  Mo,  «fe. 


1 

1   M6l^ 

■wred. 

Uted. 

■6IT«d. 

Vesica, 
lated. 

1* 

aob. 

80rT6d. 

Iftted. 

Semftrkt. 

4 



1 

Fint  shell.    i2|,  ^i,  fn,  Jj. 


Second  shell.    £.,  ^a,  /<«,  <S|. 


Third  shell.    Rt,  {^,  fit*  ^ 


Fonrth  shell.    R^,  1^4,  ^4,  <94. 


s 

L4a7 

L4«li 

•.OttO 

0.0358 

1L8767 

7.808 

7.847 

4 

Losn 

1.0026 

0LO1O4 

0.0176 

&1922 

7.798 

7.785 

< 

•.tTW 

asoift 

a0200 

0.0280 

7.2870 

7.848 

7.847 

1 



2 

14870 

L4887 

0.0228 

a0288 

10.0806 

7.786 

7.748 

4 

0.8888 

a8800 

0.0288 

0.0876 

7.8777 

7.788 

7.788 

6 

0.8488 

a8417 

0.0888 

0.0818 

15.0878 

7.818 

7.882 

* 

2 

L4410 

L4808 

0.0288 

0.081S 

18.1487 

7.746 

7.748 

4 

0.8508 

0.9478 

a0882 

0.0879 

10.5044 

7.765 

7.766 

8 

0.8085 

O.8085 

0.0487 

010451 

10.0801 

7.810 

7.810 

2 

14180 

1.4008 

0.0259 

0.0287 

1L8224 

7.762 

7.765 

4 

0.8175 

aoooo 

0.0808 

0.0876 

019776 

7.741 

7.748 

6 

0.7066 

0l7875 

8.0440 

0.0467 

10.8845 

7.794 

7.794 
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Tablb  A.—0yUnder8  in  the  gUut-hard  state,    CimHanis  of  the  ixmseo^twe  eoree.    Seo^nd 
series  of  measurements — Continued. 


^fep»l 

b^7^ 

No. 

IC 

pob. 
serred. 

poalcn- 
lated. 

t 

At 

A 

H«HIA 

A 

Semaiki. 

2 

270.2447 
270L2450 
105.6781 
10&8777 
80.1823 
80L1881 

L8685 

L8582 

20.6 
2X0 

2ai 

2L5 
2L6 
20.3 

7.7899 
7.7888 
7.7749 
7.7741 
7.7898 
7.7897 

7.7967 
7.7949 
7.7806 
7.7802 
7.7050 
7.7968 

7.7963 
7.7808 

0.126282 
a  128620 

I 

0.8580 

0.8489 

6 

0.8888 

0L6882 

7.7968 

0L128277 

A^  P6»  ^,  re- 

2 

266.7104 
255.7207 
96.7900 
96.7908 
80.8109 
80.8108 

1.8244 

1.8190 

2X7 
20.8 
21.5 
20.0 
20.4 
21.7 

7.7910 
7.7916 
7.7761 
7.7789 
7.7918 
7.7897 

7.7974 
7.7973 
7.7822 
7.7842 
7.7969 
7.7956 

7.7978 

0.128248 

4 

0.8205 

0.8122 

7.7833 

0.128480 

8 

0.6402 

0.6406 

7.7983 

0.128286 

Mt,  p7,  At,  l^j. 

2 

244.8228 
244.8207 
88.4158 
88.4148 
53.0503 
52.0498 

L2082 

L2900 

21.8 
2X2 
21.0 
2X5 
21.4 
2X8 

7.7928 
7.7928 
7.7796 
7.7783 
7.7863 
7.7872 

7.7989 
7.7992 
7.7854 
7.7847 
7.7921 
7.7988 

7.7990 

ai28821 

4 

0.7851 

0.7782 

7.7850 

OL 128462 

8 

0.8062 

a  6953 

7.7028 

0.128328 

• 

Mil,  P8,  i^8,  F«- 

2 

226.9512 
220.9500 
76.7034 
78.7032 
4X5889 
4X5864 

1.2512 

1.2422 

2X5 
24.4 
21.7 
2X2 
2X0 
2X4 

7.7968 
7.7956 
7.7830 
7.7812 
7.7882 
7.7882 

7.8022 
7.8022 
7.7891 
7.7876 
7.7943 
7.7926 

7.8022 

X 128160 

4 

0.7260 

0.7241 

7.7883 

0.128397 

8 

0.5488 

0.6388 

7.7985 

X  128812 

Ms,  P9,  ^9,  7^ 

3 

206.7577 
205.7554 
63.6630 
63.6630 
81.8783 
31.9793 

tl046 
0.8685 

L1825 
0.6584 

21.2 
23.0 
10.7 
22.5 
22.8 
20.0 

7.8009 
7.7997 
7.7866 
7.7846 
7.7814 
7.7816 

7.8067 
7.8061 
7.7022 
7.7909 
7.7877 
7.7872 

7.8084 

0.128100 

•4 

7.7916 

0.128345 

8 

0.4729 

0.4667 

7.7875 

0.1284U 

. 

^ 
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Table  b.-^Oylinders  in  the  gUus-hard  state,     Constanta  of  the  oonseouUve  elementary 
shells.    Second  series  of  measurements — Continued. 

Fifth  shell.    S^,  ^a,  jn^f  d^. 


K<k 

B  Ob- 
Mired. 

B  oaloa- 
Iftted. 

«ob- 
serred. 

^  oaloa- 
lAtad. 

H- 

^ob. 
serred. 

lated. 

Bemerkt. 

S 

1.8817 

L8756 

0.0388 

0.0888 

1&S006 

7.787 

7.741 

4 

0.8803 

0.8888 

0.0444 

0.0419 

ia8841 

7.748 

7.748 

6 

0.7182 

0.7103 

0.0648 

0.0480 

mono 

7.880 

7.888 

Sixth  shell.    B^,  ^6t  Me,  ^ 


2 

L8488 

1.8878 

OL0801 

0.0873 

14.6SM 

7.781 

7.780 

4 

0.8803 

0.8806 

0.0876 

0.0887 

1&8876 

7.747 

7.747 

6 

0.8600 

0.8834 

0.0897 

0.0466 

&8719 

7.796 

7.791  1 

1 

Seventh  shell.    Rj,  ^,  ^i,  Sj, 


a 

1.8108 

1.8046 

0.0288 

0.0280 

11.0083 

7.768 

7.766 

4 

0.8038 

0.7943 

0.0856 

a0380 

a8764 

7.766 

7.788 

6 

0.6378 

0.8180 

0.0480 

a0463 

&2808 

7.831 

7.819 

Eighth  shell.     iSg,  tis,  >i8,  db* 


a 

1.3681 

LS881 

0.0498 

0.0478 

17.8711 

7.769 

7.780 

4 

0.7581 

0.7501 

0.0682 

0.0531 

11. 8217 

7.764 

7.763 

8 

0.6774 

0.6868 

0.0975 

0.0670 

9.4888 

7.790 

7.790 

Ninth  shell.    Bo,  ^9>  M9,  do. 


a 

L8228 

1.2128 

0.0586 

0.0587 

21.1041 

7.768 

7. 702 

4 

0.8968 

0.8912 

0.0636 

0.0657 

13.1208 

7.773 

7.778 

6 

0.6108 

0.6025 

0.0758 

0.0716 

10.6879 

7.813 

7.813 
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Eeristance  data. — The  present  results  for  specific  resistance  are  merely 
preliminary.  They  show,  however,  that  even  iu  the  case  of  steel  rods 
one  centimeter  in  diameter  and  of  but  a  few  hundred  microhms  total 
resistance,  the  electrical  method  may  be  successfully  applied  to  the 
study  of  structural  phenomena  and  made  to  yield  good  results.  The 
reasons  for  this  are  at  hand.  The  resistance  effect  due  to  changes  of  tem- 
per is  enormously  large  as  compared  with  the  density  effect.  The  in- 
terval hard-soft,  when  referred  to  the  electrical  scale,  comprehends  300 
per  cent,  of  the  resistance  of  soft  steel ;  whereas  the  density  effect  is 
certainly  smaller  than  3  per  cent,  of  the  density  of  soft  steel.  The  ex- 
treme sensitiveness  of  the  resistance  method  is  to  some  degree  vitiated, 
however,  by  the  fact  that  the  electrical  constants  involve  the  dimensiooH 
of  the  rods;  and  very  frequently  right  sections  are  not  determinable 
within  a  few  per  cent.  Moreover,  in  case  of  resistances  as  small  as  those 
mentioned,  the  electrical  measurement  itself  must  be  made  with  caution, 
and  the  error  will  under  all  circumstances  amount  to  I  or  2  percent. 
None  of  these  difficulties  enter  into  a  determination  of  the  density 
effect;  but  in  spite  of  the  objections  specified,  the  large  range  of  elec- 
trical variation  renders  the  resistance  method  certainly  as  accurate  as 
the  density  method.  It  will  be  invaluable  for  the  investigation  of  slow 
changes  of  strain ;  such,  for  instance,  as  would  result  if  the  stress  in 
the  interior  parts  were  essentially  conditioned  by  the  stress  at  the  ex- 
terior or  superficial  parts  of  a  tempered  steel  rod  (see  Shrinkage,  p.  41). 
In  this  case  the  necessary  results  depend  on  purely  electrical  data  only. 
The  two  methods  are  admirably  complementary,  for  the  resistance 
method  begins  to  yield  satisfactorily  reliable  data  at  the  very  stage  of 
thickness  of  rod  where  the  density  method  shows  insufficient  sensitive- 
ness, and  conversely. 

Tbe  resistance  method  has  a  further  advantage :  the  errors  due  to 
hard  ends  (see  p.  31)  may  be  wholly  and  conveniently  eliminated.  For 
if  these  comparatively  thin  rods  be  inserted  in  the  dissolving  cell  al- 
ready described,  it  is  only  necessary  to  slide  a  piece  of  rubber  hose  over 
the  ends  to  confine  the  solution  to  as  small  a  part  of  the  equatorial  re- 
gions of  the  rod  as  may  be  desired.  Moreover,  thickness  may  be  re- 
duced with  some  uniformity  throughout  the  chosen  lengths,  even  as  far 
as  Cl^'B'  of  diameter.  In  the  annexed  diagram  (Fig.  5)  one  of  these  rods, 


Fio.  5.  Rod  No.  11,  after  remoyal  of  seven  ahell*. 


1 

1 


from  which  seven  successive  layers  have  been  removed,  is  drawn  fall 
size.    During  solution  the  parts  a  a  are  covered  with  rubber,  as  has 
been  stated. 
To  hold  the  rods  during  the  resistance  measurement,  we  devised  the 
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special  form  of  clamp  shown  in  the  annexed  diagram  (Fig.  6).    A  A  is  a 

block  of  oiled  wood,  through  the  middle  of  which  passes  an  iron  bolt  cdy 

carrying  a  steel  cross-piece,  ef,  ^both 

ends  of  which  are  conical.    Attached 

to  the  ends  of  the  block  A  A  are  two 

thick  stri])8  of   hard  rubber  or  of 

metal,  ah  ab,  carrying  steel  screws, 

mn  mn,  the  points,  n  n  of  which  are 

also  conical.  The  rods  nefn  are  tested 

in  pairs,  and  secured  by  aid  of  coni- 
cal depressions  in  their  end  surfaces, 

between  the  sharp  ends  of  the  screws 

mn  mn  and  the  ends  of  the  cross-piece 

efy  as  shown  in  the  figure.   At  m  m 

copper  terminals  have  been  soldered 
into  the  heads  of  the  steel  screws, 
through  which  the  line  of  metal  mn 
efnm  is  inserted  with  a  standard  into 
one  branch  of  the  bridge,  the  other 
being  thecalibrated  wire.  From  four 
brass  clamps,  r  r  r  f\  copper  wires 
pass  tensely  around  the  respective 
steel  rods  ne  fn^  and  thence  (alter- 
nately) through  galvanometer  to  slid- 
ing contact.  The  method  of  measure- 
ment is  that  of  Matthiessen-Hockin. 

The  experimental  da.ta  obtained  in 
the  way  described  are  given  in  Tables 
6  to  8.  In  Table  6  (Rod  No.  3),  col- 
umn one  contains  the  number  of  the 
core  from  which  the  resistance  W^  at 
V^  for  the  effective  length,  2,  and  the 
radius  p  are  derived.  The  column  8^ 
gives  the  corresponding  specific  re- 
sistance, at  Qo,  for  the  rod  in  a  condition  of  either  rough  or  smooth 
surface  (trued  with  diamond),  as  specified. 


Fia.  6.  Holder  for  rMittaaco  moaoa^ments. 


Table  ^,^Ee9Mtance  constants  (No.  3). 


No. 


Core  11 

Core  12 J 

Cor©  18 i 

CoreU 


Wi 


386 
840 
484 
401 
674 


(471) 


10 
17 
17 
20 
20 
27 


4.05 
4.00 
4.45 
4.02 
4.52 


0. 4182 


0.3771 


0.3354 


85.7 
34.3 
33.8 
33.5 
34.7 


RoQgh. 
Smooth. 
KoQgh. 
Smooth. 


0. 2850        35. 3     Smooth. 
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The  values  for  8^  being  certainly  affected  with  an  error  of,  say,  3  per 
cent.,  must  be  regarded  as  coincident.  The^'^  merely  show  that  after  the 
removal  of  14  shells  the  variations  of  the  hardness  of  No.  3  occur  within 
narrow  limits.  Moreover,  the  absolute  value  of  ;So  is  small,  indicating 
either  a  poor  quality  of  steel,  or,  more  probably,  that  the  strata  of  large 
resistance  have  been  removed. 

Similar  results,  but  more  complete,  are  given  in  Table  7.  The  nomen- 
clature is  the  same  as  that  used  above.  /  8„  the  specific  resistance  of 
consecutive  cores  at  1P^  is  reduced  to  the  values  for  0^,  by  aid  of  the 
temperature  coefScient,  a.  .C,  :^,  s  denote  the  mean  radius,  thickness, 
and  specific  resistance,  respectively,  of  the  shells.    We  have,  therefore. 


^•=J(P^,+  Pn) 


^n=Pi.-l— A. 


<«=- 


q. 


when  Q  and  A  are  symbols  of  section  and  conductivity,  respectively, 
and  q^=zQ^,—  Q,. 

Tabub  7.-^8tuh8'a  Inight  steel.    Besietanoe  eanetante  of  the  oanseeuHve  cores  and  ekeOs. 

Bods  tempered  glass-hard, 

[  ]  s  6  om.  Approximately.]. 


Ko. 

Shell. 

Wt 

P 

t 

St 

a 

A 

B 

« 

• 

11 

0 

Mierohm. 

660 

820 

1,000 

1.280 

2,250 

4.130 

6.620 

€  16^110 

I   16,970 

680 

820 

1,020 

1,800 

2,440 

8,890 

6,400 

r  11,950 

\     9,620 

22.640 

660 

780 

800 

910 

1,310 

2,110 

8,200 

8,830 

Om. 
0.318 
0.204 
0.262 
0.227 
0.167 
0.130 
0.108 
a069 
0.070 
0.818 
0.296 
0.262 
a285 
0.182 
0.148 
0.114 
0.089 
0.088 
0.050 
0.818 
0.804 
0.288 
0.267 
0.223 
0.179 
0.140 
0.002 

00. 
10 
20 
22 
18 
20 
21 
21 
24 
22 
19 
20 
22 
18 
20 
21 
21 
24 
22 
23 
19 
21 
20 
18 
20 
21 
20 
28 

Mierohm 
42.7 
46.4 
46.4 

44.6 

45ul 
47.7 
48.0 
62.6 
56.4 
48.1 
44.0 
44.2 
46.6 
47.8 
47.0 
46.8 
67.1 
6L6 
62.6 
4L8 
43.4 
43.8 
44.2 
4&0 
46.4 
47.0 
48.6 

0.0017 
16 
16 
17 
16 
16 
16 
16 
14 

a  0017 
17 
17 
16 
16 
16 
16 
16 
16 
16 

0.0017 
17 
17 
17 
16 
16 
15 
15 

Mierohm 
41.4 
44.1 
44.0 
48.2 
43.8 
46.8 
46L6 
6a9 
64.8 
4L8 
48.6 
42.7 
44.8 
46.0 
45u7 
44.4 
64.9 
49.9 
60.8 
40.4 
42.0 
42.4 
43.0 
48.7 
44.0 
45.8 
47.0 

Om. 

Om. 

Mierohm. 

1 

0.806 
0.278 
0.244 
0.197 
0.149 
0.117 
0.066 
0.087 

0.0240 
0.0318 
0.0849 
0.0509 
0.0867 
a0273 
0.0888 
0.0381 

31 

2 

8 

46 
45 

4 

43 

6 

39 

0 

46 

7 

44 

12 

0 

41 

1 

0.807 
a279 
0.249 
0.208 
0L166 
0.181 
0.102 
0.101 
0.078 

0.0216 
0.0887 
0.0270 
a  0538 
a0387 
0.0386 
0.0258 
0.0206 
0.0291 

37 

2 

43 

4 

87 
42 

6 

47 

6 

47 

7 

•30 

8 

38 

49 

18 

0 

1 

0.811 
0.296 
0.278 
0.246 
0.201 
0.164 
0.120 

0.0140 
0.0168 
0.0204 
0.0442 
0.0444 
0.0297 
0.0674 

30 

2 

88 

8 

39 

4 

41 

6 

0 

43 
41 

7 

45 
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Table  No.  7. — Siubt^s  bright  steoL    Sesistanee  con$tanta  of  the  oanaeoutive  cores  and  8helU. 
Bods  tempered  glass-hard —  Continued. 


Ko. 

ShdL 

w 

P 

t 

8 

a 

i9o 

B 

« 

s 

24 

0 

680 

740 

1,000 

060 

1,300 

1,800 

2.030 

5^710 

21.280 

0.8J8 
0.804 
0.289 
0.269 
0.227 
0.180 
0.158 
0.106 
0.062 

oa 

19 
21 
20 
18 
20 
21 
20 
28 
28 

Miehrom. 
42.6 
43.4 
56.2 
44.0 
44.8 
46.3 
48.4 
44.5 
55.5 

0.0017 
17 
14 
17 
16 
16 
15 
17 
14 

Miehrom. 
41.4 
42.0 
54.8 
42.7 
41.8 
44.0 
47.0 
42.9 
53.0 

Cm. 

Oil*. 

Miehrom. 

1 

a  811 
(a  297) 
0.287 
0.248 
0.208 
0.173 
0.132 
0.084 

0.0134 
(0.0155) 
0.0350 
0.0422 
0.0382 
0.0309 
0. 0517 
0.0444 

30 

2 

8 

^'^80 

4 

5 

46 

80 

6 

40 

7 

51 

8 

89 

a  Bad  contact. 

Some  of  the  results  (see  Nos.  11  and  12,  shell  7 ;  No.  14,  shell  2) 
which  it  was  found  necessary  to  repeat  show  how  exceedingly  important 
it  is  to  secure  excellence  of  contact  throughout  the  bridge  adjustments. 
In  repeating  the  experiments  we  should  temper  rods  20«°»  long,  solder 
the  ends  to  copper  terminals,  and  remove  only  equatorial  parts  of  shell. 
We  may  remark  that  the  sectional  error  is  here  probably  positive  and 
relatively  large  for  small  values  of  section.  This  introduces  a  very  se- 
rious element  of  uncertainty  into  the  results,  s  is  only  to  be  regarded 
as  a  check  on  So. 

Table  8,  finally,  contains  direct  tests  for  shrinkage,  p  being  the  ra- 
dius of  the  core,  W^  denotes  the  resistance  before  and  after  the  lapse  of 
the  number  of  hours  given  under  h.  If  shrinkage  is  an  actual  occur- 
rence, it  must  be  a  phenomenon  of  viscosity ;  and  hence  the  observed 
effect  would  vary  gradually  through  infinite  time.  The  differences  of 
W, ,  in  Table  8,  however,  are  mere  errors  of  observation. 

Table  8,^Besistanoe  tests  for  shrinkage. 


Vo. 


Date. 


Wt 


Semarkt. 


l!roTemb6rl9^1885.. 
November  20. 1885 . 
Korember  20, 1885  . . 
Korember  21, 1885 . . 


0.818 
0.80 


.0.20 


1,080 
1,022 
1,803 
1,808 


Original  radiiia. 
One  shell  otL 

Two  shells  off. 


DISCUSSION. 

True  and  apparent  structure. — In  Bulletin  14  we  defined  structure  (p. 
113,  note)  as  the  law  of  variation  of  density  encountered  on  a  passage 
along  any  radius  of  the  rod,  from  axis  to  circumference.  But  a  mere 
glance  at  the  above  tables  shows  that  we  must  obtain  greater  uniformity 
of  results  if  we  reverse  the  order  of  progress  and  follow  variations  of 
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density  from  the  surface  normally  inward.  Let  depth,  taken  positive 
in  the  direction  from  surface  to  axis,  be  denoted  by  x.  Then  the  above 
tables  enable  us  to  construct 

d=::F(x) (1) 

where  ^  is  a  symbol  of  functionality  and  <^  the  apparent  density  at  a  dis- 
tance X  below  the  surface,  d  is  an  approximate  expression  for  thestnict- 
ure  of  the  rod.  To  pass  from  this  F  {x)  to  the  true  structure,  it  is  neces- 
sary to  make  allowance  for  the  fact  that  in  any  given  uniformly  tem- 
pered cylinder  the  elementary  coaxial  shells  are  not  homogeneous  in  the 
axial  direction;  that  they  increase  in  density  as  we  pass  irom  median 
plane  toward  the  ends  of  the  cylinder.  More  succinctly :  In  view  of  the 
relatively  small  length  (2{o)  of  the  cylinders  as  compared  with  their 
diameters  {2po)j  the  available  method  of  tempering  necessarily  imparts 
to  them  a  box-within-box  structure.    Hence,  it  follows  that 


Px 


loF{x)  =  (l^^x)f{x)+    /  f{x)dx (2) 

By  differentiatipg,  simplifying,  and  again  integrating,  this  equation 
leads  to  an  elegant  expression  for  true  structure,/(a7),  in  terms  of  apparent 
structure,  <^ : 

/,.,., /^^=fc/^^ (" 

f[x)  being  the  density  at  a  point  anywhere  within  the  cylinder  at  the 
distance  x  normally  below  the  surface. 

With  equation  (3)  in  hand,  it  is  then  easy  to  investigate  correspond- 
ing expressions  for  J,  the  mean  density  of  successive  cores,  in  terms  of 
f{x)  and  X.  These,  however,  appear  under  involved  forms.  They  throw 
no  new  light  on  the  discussion,  and  therefore  are  omitted. 

Density^  J,  of  successive  cores. — ^To  digest  the  data  in  the  above  tables 
we  shall  first  examine  the  relations  of  J^  the  mean  density  of  core;  and 
then  from  these  introductory  results  proceed  with  the  discussion  of 
structure  proper. 

In  Figure  7  we  have  constructed  the  various  results  of  Tables  1, 2, 4, 
by  representing  J  ^s  a  function  of  radius.  The  loci  for  the  data  of 
cylinders  Nos.  1,  2,  3,  4,  all  of  which  hold  for  steel  of  the  same  kind, 
are  similar  in  their  general  character.  This  becomes  very  clear  if 
we  pass  from  the  surface  in  the  direction  of  negative  p  toward  the  axis. 
After  removing  superficial  shells,  J  appreciably  falls  in  all  cases  to  a 
pronounced  minimum.  It  then  increases  at  approximately  the  same 
rate  for  each  cylinder  and  in  a  direction  which  if  indefinitely  pro- 
longed would  trend  toward  the  diagrammatic  position  of"  soft^  (noteasily 
introduced  into  the  figure).  The  chief  features  of  these  curves  are  there- 
fore the  minima,  their  approximate  parallelism,  their  apparently  linear 
contour,  their  mdependence  of  radius.  Having  obtained  these  resalti 
we  were  inclined  to  look  for  similar  variations  in  all  other  kinds  cf  steel 
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Not  a  little  startled  were  we,  therefore,  by  the  data  for  Ko.  6,  which 
show  an  almost  complete  inversion  of  the  stmctaral  character  of  the 
earlier  rods.  In  the  cases  of  Nos.  1  to  4,  J  increases  from  the  circum- 
ference inward;  in  the  case  of  No.  6,  J  continually  decreases,  indeed  at 


Fio.  7.  Density  as  a  fanction  of  radius. 

almost  the  same  rate.  It  is  therefore  clear  that  structure  must  be  rad- 
ically conditioned  by  the  quality  of  the  steel  carrying  temper.  In  other 
words,  to  discriminate  between  different  kinds  of  steel  by  structure 
(/(i?) )  data,  our  classiflcatioD  would  show  immediate  relations  to  the 
power  for  retaining  stress  heretofore  postulated.^ 

The  superficial  minimum  or  corresponding  point  in  No.  6,  occurring 
as  it  does  generally,  is  an  observation  of  some  importance.  It  probably 
marks  the  depth  of  layer  below  which  the  combined  processes  of  dif- 
iusion  and  oxidation  no  longer  remove  carbon  from  steel.    This  depth 

>U.  8.  Geol.  Sury.  Boll.  14,  p.  95. 
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will  of  coarse  depend  on  the  time  of  exposure  to  high  temperatnie  be- 
fore quenching.  The  observation  in  question  is  confirmed  by  this  ex- 
perimental result :  if  rods  be  heated  very  intensely  (Nos.  1  and  3,  in- 
<5ipient  white  heat),  the  superficial  layers  are  frequently  so  soft  as  to  yield 
readily  to  steel  master  tools.  Moreover  in  No.  1,  which  was  twice 
quenched,  this  shell  is  comparatively  thick.  The  underlying  core  is  al- 
ways very  hard,  and  it  is  thus  possible  to  arrive  at  the  thickness  of  the 
soft  shell  with  some  accuracy.  It  does  not  extend  inward  as  far  as  the 
minimum ;  but  this  does  not  tend  to  invalidate  the  remarks  just  madej 
because  softness,  after  quenching,  must  correspond  to  an  extreme  de- 
gree of  decarburation.  There  is,  however,  one  point  of  view  from  which 
the  minimum  acquires  greater  significance  than  a  secondary  or  inci- 
dental result.  If  the  rod  subjected  to  sudden  cooling  be  sufficiently  thick, 
it  is  obvious  that  the  interior  will  remain  soft.  Hence  the  march  of  J  to- 
ward smaller  values,  exhibited  by  No.  6,  cannot  keep  on  indefinitely.  J 
must  pass  through  a  minimum  and  then  again  increase.  Hence  we  infer 
that  the  position  of  this  minimum  bears  some  inherent  relation  to  the 
quality  of  the  steel  under  observation  —  that  its  depth  will  increase  in 
proportion  as  the  intensity  of  strain  which  the  rod  can  carry  without 
rupture,  increases.  Further  experiments  are  necessary  to  decide  this 
question. 

It  is  curious  to  note  that  the  glass-hard  J  of  longitudinally  cracked 
rods  (Nos.  3  and  5)  is  smaller  than  that  of  rods  of  unbroken  surface. 
This  difference  may  be  an  expression  for  the  intensity  of  stress  lost  in 
consequence  of  rupture.    More  probably  it  is  an  effect  of  thickness. 

In  the  case  of  No.  1  structure  has  been  studied  throughout  an  interval 
of  almost  one  centimeter  of  depth.  But  it  is  not  until  we  reach  the 
lowest  layers  for  this  depth  that  the  curve  manifests  any  tendency 
to  change  its  character.  And  even  here  the  evidence  is  uncertain,  both 
because  the  density  measurements  of  the  comparatively  thin  rod  are  no 
longer  so  accurate  and  because  the  efliect  of  hard  ends,  to  which  we 
adverted  in  the  preceding  paragraph,  becomes  more  and  more  seriously 
appreciable  as  radius  decreases.  The  singularly  simple  and  suggestive 
curves  are  therefore  in  striking  contrast  with  the  necessarily  complex 
considerations  which  must  enter  into  their  interpretation.  If  the  cyl- 
inder be  originally  given  of  length  2^  and  of  diameter  2poj  and  if  then 
a  shell  of  thickness  x  be  removed,  careful  inspection  of  the  core  will 
enable  us  to  distingush  the  following  three  parts:  (1)  The  central  cyl- 
inder bounded  by  mantle  (radius  po — ^)  ^nd  two  normal  planes  at  a 
distance  k — Po  and  — (/o— />o)  froin  the  equator.  Within  this  partial  cyl- 
inder d  varies  from/  (po)  to  /(a;)  in  the  direction  of  radius,  symmetric- 
ally with  respect  to  axij?.  (2)  The  two  end  cylinders  bounded  by  man- 
tle and  by  normal  planes,  ^o  and  /© — ^j  — ?o?  and  — (Jo — x)y  respectively, 
from  the  equator.  Here  <^  changes  from  /  (x)  to/  (o)  in  the  direction  of 
axis,  symmetrically  with  respect  to  equator.    (3)  The  two  intermediate 
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partial  cylinders  bounded  by  mantle  and  normal  planes,  1q — po  and  Iq — Xj 
—  (h — Po)j  and  —  {Iq — x).  It  is  here  that  the  variation  of  6  is  involved. 
To  represent  it  approximately  in  the  right  partial  cylinder,  let  a  cone 
be  described  around  a  given  axis,  upon  the  basal  plane  k — Xj  with  its 
vertex  at  a  distance  Iq — p©  from  the  equator.  This  cone  divides  the 
said  partial  cylinder  into  parts  such  that  in  the  reentrant  figure,  d  va- 
ries from/  (po)  to/  {x)  in  the  direction  of  radius,  symmetrically  with  re- 
spect to  axis.  In  the  simple  conical  figure,  <^  varies  from  f(po)  tof{x) 
in  the  direction  of  axis,  symmetrically  with  respect  to  equator.  In 
view  of  these  annoying  complications,  it  is  expedient  to  calculate  <^  from 
successive  values  of  J.  This  may  be  done  without  any  auxiliary  hy- 
pothesis at  all.  Having  given  <^  we  arrive  at  the  true  structure  as 
«hown  in  the  preceding  paragraph. 

These  remarks  show  that  to  obtain  perspicuous  values  for  J  it  is  ad- 
Tisable  to  use  only  the  equatorial  parts  for  measurement;  that  is,  tore- 
move  the  ends  completely  either  by  solution  or  by  suitable  mechanical 
means  before  commencing  the  structure-measurements  proper. 

Dennityj  dj  of  successive  shells. — In  our  endeavor  to  construct  the  re- 
lation between  the  density  d  (apparent  structure)  atid  the  mean  radius 
of  shell,  B,  we  must  necessarily  be  guided  by  the  following  considera- 
tion: If  the  shell  be  thin  and  contain  no  maximum  or  other  singular 
point,  then  the  observed  d  is  approximately  a  point  on  the  locus  sought; 
but  if  the  shell,  however  thin,  contain  one  or  more  maxima,  then  the 
observed  <^  need  not  be  a  point  on  the  locus  at  all,  and  the  discrepan- 
cies and  the  liability  to  errors  of  interpretation  will  increase  as  the  maxi- 
ma become  more  and  more  sharp  and  crowded.  Let  the  shell  be  so  thin 
that  its  outer  and  its  inner  radius  are  practically  identical  with  its  mean 
radius,  i.  e.,  that  the  right  section  does  not  differ  appreciably  from 
2  TV  Rd  R=2  7t  R^yin  area.  In  this  c§se  2  ;r  JB  5  <^  is  the  mean  mass  per 
unit  of  length  of  shell ;  and  hence  any  elementary  contour  which,  between 
22 — 5/2  and  jK+5/2  incloses  the  same  area  as  5  <5^,  may  be  taken  as  a 
boundary  of  the  part  of  the  curve  under  examination.  This  shows  at 
once  the  nature  of  the  difficulties  encountered  in  endeavoring  to  discuss 
the  present  observations  on  structure.  It  opens  a  field  for  speculation 
BO  wide  as  to  be  thoroughly  unsafe.  We  will,  therefore,  in  the  sequel, 
limit  ourselves  to  right  line  diagrams,  to  mere  linear  combinations  of 
the  points  given  by  experiment.  We  thus  exhibit  the  results,  as  far  as 
possible,  unaffected  by  any  fantasy  of  our  own. 

In  Fig.  8  the  values  for  d  are  represented  as  functions  of  U,  on  a 
scale  in  correspondence  with  the  smaller  accuracy  of  the  present  set  of 
data.  The  scale  is,  moreover,  such  as  enables  us  to  insert  the  interv>al 
hard-soft  for  each  curve.  Eestricting  our  comparisozi  to  Nos.  1  to  4  for 
the  present,  we  find  at  first  sight  that  the  variations  are  jagged  and 
apparently  irregular  and  confused.  It  is,  therefore,  well  to  confine  the 
discussion  still  further;  to  examine  the  data  holding  for  No.  1,  for  which 
cylinder  the  observations  are  most  nearly  complete ;  then  to  use  the 
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other  curves  as  a  means  of  corroborating  and  of  further  elucidating  the 
divers  inferences  drawn. 


0.S  ro 

Fio.  8.  Elementary  density  as  a  fanction  of  radius. 
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Inasmnch  as  the  evidenoe  given  by  No.  1  is  ftilly  valid  (see  discnssion 
under  Errors,  p.  43),  as  we  pass  from  the  circamference  inward  <^  varies  in 
accordance  with  an  obviously  harmonic  law.  We  readily  discern  five 
pronounced  periods  (all  marked  in  the  diagram),  which  are  crowded 
near  the  surface,  but  which  lengthen  and  are  gradually  obscured  as 
we  pass  toward  the  axis.  During  this  oscillatory  march,  <^  increases 
from  values  which  lie  below  the  glass-hard  density  almost  as  far  as  the 
density  of  the  soft  state.  In  other  words,  the  interval  of  variation  of 
density  studied  from  pomt  to  point  of  a  tempered  rod  is»fully  twice  as 
large  as  the  density  interval  hard-soft.  Indeed,  if  we  take  into  consid- 
eration that  d  is  only  the  apparent  structure,  that  the  shells  are  not 
longitudinally  homogeneous,  but  hard  at  the  ends,  it  appears  altogether 
probable  that  the  density  of  soft  steel  will  actually  be  reached.  At  the 
same  time,  it  must  be  borne  in  mind  that  the  density  at  about  0.7^ 
below  the  surface  does  not  differ  appreciably  from  the  mean  density 
of  the  core.  Hence  we  infer  fairly  that  from  here  on,  inward,  large 
fluctuations  of  d  will  no  longer  occur. 

The  inquiry  n^xt  in  importance  is  the  relation  of  density  at  any  point 
within  the  cylinder  to  the  hardness  there  mechanically  observed.  To 
the  occurrence  of  soft  strata  between  the  points  marked  a  and  b  we  have 
already  adverted.  But  below  this  the  steel  appears  exceptionally  hard — 
so  hard  that  the  little  ridges  and  furrows  left  on  the  surface  by  the 
diamond  readily  grind  off  the  edges  of  a  file  or  any  other  hard  steel  tool. 
This  state  of  hard  temper  continues  until  we  reach  the  points  in  the 
vicinity  of  c  in  the  diagram,  say  0.7^™  below  tte  surface.  From  here  on 
the  rod  is  quite  appreciably  filable  near  its  equatorial  parts,  the  ends, 
of  course,  retaining  the  intensity  of  hardness  of  the  superficial  shell. 

After  these  remarks  it  is  in  place  to  pass  in  review  the  corroborative 
evidence  obtained  from  the  other  cylinders.  In  no  case  is  the  perio- 
dicity so  sharply  pronounced,  and  were  the  data  for  Nos.  2,  3,  4  alone 
available  it  would  escape  detection.  But  the  evidence  by  no  means 
conflicts  with  the  inferences  adduced  for  No.  1.  No.  2,  for  instHUce, 
shows  the  first  and  second  minima  (see  diagram)  in  proper  position. 
The  inclosed  maximum  is  not  so  distinctly  marked.  No.  2,  however, 
was  quenched  from  a  temperature  much  below  that  of  No.  Ij  and  since 
the  harmonic  distribution  of  density  is  primarily  a  mechanical  phenom- 
enon, the  importance  of  temperature  is  at  once  obvious.  For  similar 
reasons  the  periods  of  No.  4  are  more  obscure  than  those  of  No.  3.  In 
all  rods  (Nos.  1  to  4)  the  first  minimum  is  unmistakably  located  near 
0.05«°>  of  depth.  The  second  minimum  falls  between  0.10®°^  and  0.15«™  of 
flepth ;  the  third  minimum  in  the  three  observed  cases  between  0.25®™ 
and  0.30«°5  the  fourth  minimum  between  0.6«™  and  0.6<»™  of  depth.  This 
accordance  is  too  persistent  to  suggest  mere  chance  coincidences. 

Thoroughly  distinct  from  these  curves  is  the  locus  of  the  set  of  values 
for  No.  6.  The  variations  show  almost  simple  periodicity  around  the 
glass-hard  line  as  a  position  of  equilibrium.    A  comparison  of  the  curve 

(479) 


Digitized  by 


Google 


38  PHYSICAL   PROPERTIES   OP   THE   IRON-CARBURETS.     [BOti.» 

Ko.  G  with  the  curve  Nos.  1  to  4  at  once  calls  to  mind  the  differences  in 
the  qaalities  of  the  steel  nsed.  Similarly  to  Nos.  2  and  3  we  here  find 
the  density  of  ezteroal  shell  decidedly  above  that  of  the  soft  state. 
The  material  is  probably  poorly  carburized;  for  even  in  the  glass-hard 
state^  hardness  (mechanical)  is  not  intense. 

Having  described  the  principal  features  of  the  phenomenon  of  stmct 
ore  somewhat  minutely,  it  will  be  our  next  endeavor  to  account  for  the 
remarkable  variations  observed,  at  least  in  some  provisional  way.  The 
methods  whidh  suggest  themselves  to  us  may*be  grouped  in  reference 
to  two  general  heads,  periodicity  and  carburation.  But  there  are  two 
ways  of  explaining  periodicity :  we  may  regard  it  as  a  real  structural 
phenomenon,  or  we  may  regard  it  as  a  secondary  occurrence,  bearing  no 
inherent  relation  to  temper  at  all  and  due  to  intermittent  shrinkage  of 
the  cylinder  while  in  the  hands  of  the  operator.  It  is  expedient  to  con- 
sider these  questions  in  separate  paragraphs. 

Possibility  of  harmonic  distribution  of  density. — Suppose  we  ignore  the 
occurrence  of  periodicity  for  a  moment  and  consider  only  the  mean  as- 
cent of  the  loci  for  <^.  Then  in  case  of  steel  of  a  given  kind,  subjected 
to  a  given  operation  of  tempering,  the  hardness  or  density  exhibited  by 
any  point  is  essentially  dependent  on  the  position  of  the  said  point  below 
the  surface,  as  our  data  show.  The  rate  at  which  the  point  cools  is 
similarly  conditioned.  Hence  it  is  natural  to  associate  the  first  phenom- 
enon with  the  second,  and  to  state  that  the  hardness  in  a  given  point  is 
a  function  of  the  rate  at  which  cooling  there  takes  place.  Knowing  the 
relative  rates  of  cooling  of  consecutive  shells  we  would  have  given  us 
therewith  a  method  for  expressing  hardness  (estimated  in  units  either  of 
density  or  of  resistance)  in  terms  of  rate  of  cooling.  But  the  adequacy 
of  such  a  mode  of  inquiry  is  incomplete,  because  the  shells  in  question 
are  parts  of  the  whole,  and  not  distinct  individuals.  The  consideration 
simply  suggests  the  cause  for  the  gradual  decrease  of  hardness  from 
surface  to  axis. 

Beturning  from  this  digression  to  the  consideration  of  periodicity 
proper,  we  remark  that  solids,  when  subjected  to  shearing  strains,  usu- 
ally exhibit  low  degrees  of  elasticity  and  experience  marked  changes  of 
form.  But  all  substances,  whether  solid,  plastic,  viscous,  or  liquid, 
when  subjected  to  pure  isotropic  strains — in  the  present  instance  to  a 
strain  of  compression  equally  distributed  in  the  three  cardinal  direc- 
tions— are  probably  very  nearly  perfectly  elastic.  Here,  therefore,  is  a 
principle  suggesting  the  possibility  of  \ibratory  movement,  even  in  an 
intensely  heated  viscous  solid.  Suppose  now  there  be  given  a  small 
sphere  of  steel.  Let  this  be  heated  above  redness  and  then  suddenly 
cooled  (quenched)  uniformly  over  the  whole  surface.  Then  we  contend 
that  it  is  not  probable  that  during  the  initial  stages  of  cooling  contrac- 
tion should  manifest  itself  as  a  simple,  aperiodic,  static  phenomenon.^ 

lAtteotion  moat  here  be  drawn  to  to  the  Camming-Gore  phenomenon  of  sudden  con- 
traction at  Ted  heat.    Of.  U.  S.  Geol.  Sarv.  Ball.  14,  p.  99. 
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"We  contend^  in  other  words,  that  in  consequence  of  sudden  and  enoi^ 
moQS  compression,  virtually  applied  at  the  surface,  the  whole  sphere 
during  incipient  cooling  will  be  thrown  into  a  state  of  vibration  symmet- 
xical  with  respect  to  the  center  of  figure.  Under  the  ideally  perfect 
circumstances  of  quenching,  therefore,  the  sphere  must  so  vibrate  that 
all  points  of  any  given  spherical  shell  at  a  given  time  are  in  like  phases 
of  oscillation.  Tt  follows  obviously,  moreover,  that  in  the  case  of  a  long 
cylinder  suddeply  and  uniformly  cooled,  the  phases  of  the  elementary 
coaxial  shells  will,  at  a  given  time,  be  identical. 

The  necessary  concomitant  of  the  vibration  specified  is  harmonic  dis- 
tribution of  density ;  and  the  maxima  and  minima  encountered  may 
be  made  to  differ  by  amounts  as  large  as  we  please,  up  to  a  certain 
limit,  by  increasing  the  temperature  from  which  cooling  takes  place* 
But  while  vibration  is  in  progress  the  cylinder  itself  is  cooling  rapidly^ 
or,  in  other  words,  the  rigid  shell  closes  inward  from  surface  to  center,. 
eangealingj  as  it  were,  and  retaining  permanently  within  itself  the  traces 
of  the  harmonic  distribution  of  density  in  question. 

More  concisely :  Let  the  sphere  be  of  large  radius.  Then  the  density 
in  a  point  at  a  normal  distance,  a?,  below  the  surface,  at  the  time  %  dur* 
ing  the  initial  stages  of  cooling  may  be  expressed  by 

d^aBm^('vt'-x+A\ (1> 

where  v  is  the  velocity  of  propagation,  X  the  wave  length,  A  a  length 
phase. 

liCt  x==q){t)]t=zt/^{x) (2> 

express  the  depth  of  the  advancing  inward  boundary  of  the  rigid  shell^ 
at  the  time  t  Then  the  mathematical  effect  of  congealing  may  be  said 
to  be  equivalent  to  an  elimination  oft  between  equations  (1)  and  (2) ;  so 
that  for  the  rigid  sphere, 

*  =  asin-I^Cf?^(a?)  — a?  +  il') (3) 

a  function  of  x  only,  applies.  Equation  (3)  shows  that  the  wave  act- 
ually congealed  need  be  identical  in  regard  to  neither  phase  nor  wave 
length  with  the  original  wave  A;  that  it  will  generally  be  very  much 
larger.  For  instance,  under  the  simplified  conditions  that  xssfp{t)ss 
m  +  ntj  if  we  put 

aroctgfissa  arcctgf7ss>9 

the  congealed  wave  will  exhibit  the  new  phase  Ai'^  and  new  wave 
length,  Aj 

A'^A^^  and  ^  =  ^ain(^a) W 

respectively.     According  as  a  lies  anywhere  between  )5— ^and  /?,  A 

may  have  any  value  between  the  limits  A  sin  /3  and  oc.    But  it  is  es- 

>  Rigidity  may  here  be  the  result  of  ohemioal  as  well  as  of  mechanical  action  (tern-, 
peratore).    See  p.  4^ 
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eentially  constant,  and  the  periodicity  uniform.  Here  we  may  remark 
in  passing,  that  if  shells  of  like  thickness  be  etched  off,  the  observed 
Jiarmonic  law  will  bear  some  such  relation  to  the  congealed  periodicity 
•as  is  expressed  in  equation  (4). 

If  ^  (t)  be  not  linear  but  represent  some  more  complex  function,  as  it 
must  in  the  case  under  consideration,  A  must  also  vary  continuously. 
Ify  furthermore,  n:=d  <p  {t)  \  dt^  and  if  n  decrease  continuously,  then  A 
will  increase  with  x  wherever  n  >  v ;  it  will  decrease  with  increasing  x 
wherever  n  <  v.  The  former  of  these  criteria  seems  to  be  given  by  the 
diagram,  Fig.  8 ;  but  it  must  be  borne  in  mind  that  the  curves  there 
given  are  seriously  distorted  by  other  causes.  The  inference  goes  no 
further  than  to  point  out  that  the  harmonic  distribution  of  density  must 
be  of  variable  period;  and  that  this  variation  will  depend  on  the  rela- 
tive values  of  rate  of  wave  propagation  and  rate  of  advancing  rigidity. 

As  the  process  of  cooling  proceeds,  the  continually  increasing  thick- 
ness of  rigid  shell  interferes  with  vibration  in  a  way  to  obscure  the 
periods  more  and  more,  as  we  pass  from  the  surfaQe  inward.  Within 
the  shell  the  energy  of  vibration  is  Jargely  potentialized.  We  have 
already  pointed  out  that  in  the  case  of  cylindrical  figure  true  structure 
is  related  to  the  apparent  structure,  dy  by  the  equation 


/(')='./3 


lfF(x)  be  harmonic, /(j?)  will  also  be,  with  this  limitation,  however, 
that/  (x)  and  F{x)  cannot,  at  the  same  time,  both  be  uniformly  so. 
Probably  neither  will  be ;  and  we  have  a  second  condition  for  the  vari- 
able periodicity  observed.  The  effect  of  superficial  decarburation  on 
<^  is  a  third  condition. 

Perfect  uniformity  of  sudden  cooling  or  quenching  is  not  practically 
attainable.  Pressure  is  first  applied  at  the  parts  of  the  hot  cylinder 
which  first  touch  the  cold  water,  and  it  is  not  until  the  mass  is  fully 
submerged  that  the  temperature,  &c.,  of  the  surrounding  medium  is 
fairly  uniform.  Again,  certain  parts  of  the  quenched  body  will  always 
be  more  favorably  placed  in  regard  to  contact  with  cold  water  than 
others.  Hence  the  conditions  are  such  that  perfectly  symmetrical  ar- 
rangement of  the  parts  of  like  given  density  relatively  to  the  axis  and 
center  of  figure  of  the  steel  body  must  be  a  very  rare  occurrence.  True 
structure  is  therefore  more  or  less  fully  obscured  by  the  divers  adventi- 
tious circumstances  of  chilling  and  by  intentional  or  accidental  varia- 
tions in  the  operation  of  tempering  itself. 

The  views  here  set  forth  are  very  well  illustrated  by  the  following 
little  experiment :  Let  a  ring  capable  of  up  and  down  motion  be  sus- 
pended with  its  plane  always  horissontal  over  a  basin  of  water.  If  now 
the  ring  be  lowered  at  regular  intervals  so  as  to  dip  into  the  water  with 
all  its  parts  at  once,  and  if  the  period  of  oscillation  of  the  ring  be  ad- 
justed synchronously  with  the  oscillation  of  the  circular  wave  under  it, 
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the  whole  surface  of  the  water  boanded  by  the  ring  may  be  made  the 
field  of  regular  and  continued  wave  motion.  Suppose  now  the  water 
to  congeal  from  the  ring  inward  at  some  regular  rate,  tben  the  congealed 
surface  will  show  uniform  periodicity,  which  will  not,  however,  be  iden- 
tical with  the  period  of  the  liquid  surface.  If  the  rate  of  advance  be 
variable,  the  periodicity  must  be  variable.  Finally  the  conditions  of 
practical  quenching  may  be  typified  by  the  interferences  resulting  if  the 
ring  be  dipped  obliquely  relative  to  the  surface  of  the  water. 

Intermittent  ithrinkage. — Whatever  the  mechanical  structure  of  steel 
is,  it  may  be  reasonably  argued  that  the  conditions  of  equilibrium  at 
every  point  are  in  conformity  with  and  influenced  by  the  dimensions  of 
the  bar.  Hence,  if  parts  of  the  rod  be  removed,  by  solution  or  other- 
wise, we  may  look  for  an  excess  of  stress  in  those  parts;  aud  if  the 
process  of  removal  be  often  repeated,  this  excess  may  eventually  in- 
crease to  an  intensity  sufficient  to  effect  a  permanent  and  sudden  change 
of  strain.  A  series  of  such  changes  would  constitute  the  intermittent 
phenomenon  in  question. 

Glass-hard  steel  is  under  a  strain  of  dilatation.  The  probable  effect 
of  the  removal  of  superficial  coats  is,  therefore,  contraction.  We  need 
only  suppose  that  the  greater  part  of  such  contraction  takes  place  uni- 
formly, in  proportion  as  shell  is  being  removed,  to  obtain  the  principal 
features  of  Fig.  7,  Nos.  1  to  4;  moreover,  that  sudden  contractions  of 
higher  order,  occurring  intermittently  for  the  reasons  specified,  are  su- 
perimposed upon  this  main  aud  uniform  shiinkage  to  generate  Fig.  8, 
Nos.  1  to  4.    For  since 

and  since  we  may  consider  //,  Mo>  Mi,  po  constant  in  any  given  experi- 
mental case,  it  is  obvious  that  if  pi  vary  by  small  decrements,  in  conse- 
quence of  contraction,  d  will  vary  by  corresponding  decrements,  and 
conversel3%  If,  therefore,  we  examine  Fig.  8,  No.  1,  for  instance,  sud- 
den contraction  may  have  occurred  between  b  and  the  first  minimum, 
between  the  first  maximum  and  the  second  minimum,  between  the  sec- 
ond maximum  and  the  third  minimum,  between  the  third  maximum  and 
the  fourth  minimum,  and  so  on.  Between  any  minimum  and  the  next 
consecutive  maximum  we  have  usually  a  curve  of  gradual  ascent,  indi- 
cating normal  changes  of  density. 

Some  evidence  of  contraction  is  contained  in  the  above  tables,  and 
discussed  under  Errors,  p.  48;  but  it  is  insuflicient.  On  the  other 
hand,  no  contraction  could  be  discerned  by  resistance  measurements  at 
all  (p.  31).  The  occurrence  of  shrinkage  is,  therefore,  questionable,  and 
more  searching  investigation  may  show  it  to  be  absent.  Moreover,  it 
would  furnish  no  satisfactory  explanation  for  certain  degrees  of  like- 
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ness  in  the  curves  Nos.  1  to  4,  to  which  we  have  already  referred. 
After  the  removal  of  nearly  1^^  of  shell,  hardness  is  still  retained  at 
the  ends  of  No.  1,  whereas  it  gradually  vanishes  near  the  middle  parts. 
This,  again,  is  adverse  to  toe  shrinkage  hypothesis. 

Oarburation. — The  probability  of  absence  of  true  shrinkage  to  which 
we  referred  in  the  last  paragraph,  taken  in  connection  with  the  great 
molecular  stability  of  the  shells  in  the  divers  specimens  of  steel  ex- 
amined, suggests  that  the  intensity  of  the  mechanical  strain  of  glass- 
hard  steel  may  possibly  be  overestimated.  Mere  superficial  scratching 
is  frequently  sufficient  to  explode  a  Rupert's  drop.^  Glass-hard  steel,  on 
the  other  hand,  may  be  reduced  in  thickness  to  quite  one-third  the  orig- 
inal diameter,  or  again,  thin  rods  (0.7^"^)  reduced  to  mere  filaments 
without  showing  any  thoroughly  satisfactory  evidence  of  shrinkage. 
In  all  the  experiments  made  by  the  resistance  method,  hardness  is 
found  to  increase  very  perceptibly  from  surface  to  core;  the  (thin) 
rods  (radius  =0.3<^)  are  hardest  at  the  axis.  If,  therefore,  steel  has 
once  been  subjected  to  an  operation  capable  of  evoking  the  strain  of 
dilatation  in  question,  the  strain  Imparted  appears  to  possess  a  cer- 
tain permanence  of  character  and  to  be  able  to  maintain  itself  in- 
dependently of  the  presence  or  thickness  of  the  surrounding  layers.  In 
this  respect  it  is  peculiar.  It  fields  readily  to  temperature  only ;  and 
we  infer  that  it  owes  its  persistency  to  molecular  or  chemical  agencies.' 
Suppose,  therefore,  that  with  the  carbon  available  in  steel  it  is  possible 
under  favorable  circumstances  to  produce  a  variety  of  iron-carburets;  in 
other  words,  that  under  favorable  variation  of  circumstances,  a  certain 
latitude  of  density  is  a  possible  occurrence.  Then  we  argue,  plausibly, 
we  think,  that  during  the  process  of  sudden  cooling  of  steel  from  red  heat 
the  carbon  and  iron  at  any  point  within  the  body  will  unite  (for  the 
given  degree  of  carburation)  in  correspondence  and  conformity  with  the 
intensity  of  strain  there  experienced;  that,  therefore,  in  the  cold  steel 
the  strains  are  to  a  large  extent  permanent  and  independent  of  the  con- 
dition of  stress  of  the  surrounding  medium  of  steel. 

The  remarks  just  made  will  have  shown  how  incomplete  our  knowl- 
edge of  the  phenomenon  of  structure  as  yet  is,  and  where  further  ex- 
perimentation is  essential.  The  paragraph  on  periodicity  postulates 
certain  relations  between  velocity  of  wave  propagation  and  rate  at 
which  rigidity  advances  inward.  The  occurrence  of  shrinkage  is  hy- 
pothetical and  lacks  satisfactory  evidence;  nor  has  direct  quantitative 
measurement  been  brought  to  bear  on  the  conditions  of  carburation. 

^Oar  recent  experimcDts  show  that  the  reBpective  behaviors  of  steel  and  Rupert 
drops  here  in  question  are  identical. — Augu»if  1386. 

'  Conditions  favorable  to  chemical  combination  (qnencbiug),  so  difficolt  of  attain- 
ment in  case  of  low  degrees  of  carbaration  (steel),  are  given  at  once  in  case  of  greater 
carburation  (cast-iron),  where  mere  cooling  in  air  will  harden.  The  mass  of  available 
carbon  ia  therefore  here  an  essential  factor  and  the  phenomenon  in  hand  is  probably 
an  instance  of  mass  action. 
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Nevertheless  we  believe  that  cautious  bleudiug  of  the  three  views 
advanced  will  reconstruct  the  actual  phenomenon  of  structure  as  accu- 
rately as  the  data  now  in  hand  describe  it. 

Resista/nce, — The  results  in  Table  7  show  no  pronounced  periodicity. 
Considered  individually,  moreover,  they  would  not  be  of  much  value. 
,  Oonsidered  as  a  whole  they  mutually  sustain  each  other,  and  indicate  a 
decided  increase  of  resistance  in  passing  from  surface  to  core.  Hard- 
ness increases  rapidly  inward,  and  this  quality  here  exists  in  greatest 
intensity  at  the  axis.  These  rods  therefore  show  like  behavior  with  No. 
6,  and  the  general  structure  is  that  of  relatively  dense  external  layers 
Burrounding  a  relatively  rare  core.  But  it  must  be  borne  in  mind  that 
these  rods  are  comparatively  thin ;  that  for  greater  thicknesses  the  loci 
will  probably  pass  through  minima  of  J  or  maxima  of  8q  and  of  hard- 
ness, thereupon  to  enter  into  a  second  phase  of  variation,  such  as  is  ex- 
hibited by  the  J  of  rods  Nos.  1  to  4.  Considered  in  tbis  light,  the  min- 
ima in  Fig.  7,  Nos.  1  to  4,  are  to  some  extent  critical  points,  inasmuch 
as  their  position  varies  in  depth  with  the  quality  of  steel  employed, 
and  is  deepest  for  steel  capable  of  withstanding  a  maximum  of  stress 
of  the  given  kind. 

Finally,  it  is  well  to  remark  that  the  data  of  the  above  tables,  when 
interpreted  in  the  manner  given  under  carburation,  conflict  with  re- 
ceived physical  notions  of  temper  and  structure;  for  it  appears  that 
the  equilibrium  of  stress  at  any  point  is  maintained  independently  of 
the  presence  or  absence  of  other  layers.  Hence,  the  deduction  made  in 
Bulletin  14,  page  103,  from  data  obtained  with  malleable  cast  iron,  viz, 
that  the  electrical  variations  accompanying  temper  are  evoked  by  strain, 
and  are  only  to  a  smaller  extent  dependent  on  the  conditions  of  carbu* 
ration,  does  not  follow  in  the  way  in  which  we  there  understand  it.^  In 
short,  the  present  results  make  it  questionable  whether  in  the  cold  rod 
the  efft'Cts  due  to  strain  and  to  carburation,  respectively,  can  be  sharply 
distinguished  at  all  (cf.  p.  42). 

Errors. — In  the  present  research  some  of  the  inferences  are  depend- 
ent on  variations  of  the  descriptive  function,  d,  the  order  of  which  is 
not  much  above  the  aggregated  eflfect  of  errors  of  observation.  Hence 
a  full  enumeration  of  the  divers  sources  of  discrepancy,  together  with 
an  analysis  of  the  magnitude  and  distribution  of  their  respective  influ- 
ences, is  a  matter  of  cardinal  importance. 

It  seems  expedient  to  commence  with  the  observations  proper,  since 
it  is  here  feasible  to  obtain  good  estimates  for  the  amount  of  distortion 
probable  in  each  case.  If  we  define  <y«,  the  density  of  the  nth  elemen- 
tary shell,  approximately  by 

K  =  ^^l-^yn.l-^n) (1) 

^Probably  in  malleable  cast  iron  insufficient  quantities  of  transmutable  carbon  are 
available,  the  metal  being  rich  in  graphite.  The  presence  of  neutral  conducting  sab- 
stances  obscures  the  electrical  effect  of  temper. 
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we  may  regard  tl  e  errors  of  d»  essentially  conditioned  by  the  valaes 
and  variations  of  li^  5,  J^i— J».  The  range  of  variation  of  these  quan- 
tities has  been 

0.6       <        B       <1.5 (2) 

0.01     <        5       <0.1 (3) 

0.0010<J^i— J.  <  0.0050 (4) 

Hence,  if  to  prevent  confusion  of  signs  we  designate  errors  by  prefix- 
ing the  differential  symbol  '^^,"  we  easily  deduce  from  (2),  (3),  (4),  and 
partial  differentiations  of  (1), 

0.025  dB^  <  dS^  <  37.5  dS. (5) 

2.5  d(J_,-J.)<  r?(y,  <  75.0  i?(^_,-^.)    ....     (6) 

0.005  dB^  <  dd^  <  0.25  dB^ (7) 

equations  to  be  interpreted  numerically.  If  we  consider  these  cases 
one  by  one,  we  obtain  as  conditions  under  which  (5)  is  least  favorably 
and  most  favorably  applicable : 

Cl^n  <  0.01 ;  0.375  >  dS^  >  0.00025    ...     (8) 

dfS„  >  0.001 ;  0.037  >  d6^  >  0.000025 ...     (9) 

respectively.  Again, for  the  conditions  under  which  (6)  is  least  favora- 
bly and  most  favorably  applicable, 

d{J^y—J„)  <  0.0010;  0.075    >  <?o\  >  0.0025     .    (10) 

d{A^,  —  A^)  >  0.0001;  0.0075  >  dd^>  0,UK)25   .    (11) 

respectively.    For  (7),  similarly, 

di2<0.0l;  0.0025    >  <i<J„  >  0.00005     .     .     (12) 

die  >  0.001;  0.00025  >  df^^  >  0.000005    .     .     (13) 

respectively.  An  inspection  of  the  inequalities  (8)  to  (13)  leads  to  the 
result  that  serious  distortion  from  errors  in  the  measurement  of  iJ  need 
not  be  apprehended,  but  that  the  effect  of  errors  of  J„_i — ^„  and  to 
a  much  greater  degree  of  5,  may,  in  unfavorable  cases,  influence  S^  to 
an  alarming  extent.  It  is,  therefore,  desirable  to  discuss  in  detail  the 
probable  mean  errors  d^^  d{J^i — J,),  dR^  and  to  weigh  as  nicely  as 
possible  their  influence  on  6,  In  order  to  do  this,  in  a  measure  at  least, 
we  made  duplicate  direct  determinations  of  J  after  each  removal  of 
shell ;  and,  similarly  again,  duplicate  measurements  of  Jd^  and  B.  The 
values  for  J,  5,  and  22,  as  resulting  both  from  direct  measurement  and 
from  indirect  gravimetric  measurement,  are  fully  given  in  Tables  2,  3, 
4,  and  5.  Table  9,  however,  contains  a  perspicuous  comparison  of  the 
special  differences  between  observed  and  calculated,  here  in  question. 
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Tablb  9.—ExhiMi  of  errors  of  E  and  of  ^. 
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No.L 

No.  2. 

Ko.3. 

BhalL 

dB 

dO 

Shell. 

dB 

dd 

Shell. 

dB 

dd 

1 

~aooo3 

-f      016 
+     081 
+      052 
+      026 
+      000 
+      091 
+      064 
+      OOT 
+      074 
+      120 
+      124 
+      089 
+      091 
+      104 
+      108 
+      101 
+      107 
+      077 

-a  0022 

-  014 

-  017 

-  022 

-  052 

-  096 
+      115 

-  062 
+      017 
+      009 

-  101 
+      092 

-  020 
+      014 

-  041 
+      034 
.      020 
+      008 
+      050 

1 

-a  0017 
+     009 
+      017 
+      087 
+      061 
+      063 
+      058 
+      lOO 
+      106 

-a  0088 

-  10 

-  14 
.-       28 

-  22 
+        19 

-  07 
+        20 

-  31 

1 

-a  0064 
"       06 
+       09 
+        57 
+        83 
+        78 
+       06 
+        67 
+        76 
+        72 
4-       42 

+0.0006 
-        19 

2 

2 

1    2 

8 

8 

3 

4 

—       11 

4 

4 

-        66 

6 

6 

6 

7 

66 

7 

6 

-       14 

8 

7 

8 

+  » 
-        10 

9 

8 

9 

10 

9 

10 

-       84 

11 

11 

4-  47 
4        10 

12 

12 

13 

14 

15 

16 

17 

18 

19 

20 

KuiDArical 
mean  .... 

Numerical 
mean — 

Xnmerioal 

0.0072 

0.0042 

0.0052 

aoo2o 

0.0050        0.0027 

Ko.  4. 

1 

No.  6. 

ShelL 

dB 

«    ; 

SheU. 

dB 

d» 

-f  0.0025 
4-      029 
+      035 
4-      079 
-f      104 
+      088 
+      086 
+      060 
+      041 

-0.0012 
4        07, 

-        17  i 

1 

+0.0171 
4-      066 
4-      060 
+      081 
+       060 
+•      056 
+      096 
+      106 
+      083 

-0. 0014 

2 

+        24 

It 

14 

-        73  '   A  - 

-        27 

+       25, 

4-      08! 

-  05  ; 

4        61 

-  22  j 

5.. 

+        68 

6 

59 

7 

8 

23 

05 

9 

+        42 

Urnmerical  mean 

Numerical  mean 

0.0061 

0.0026 

1 

0.  0086 

0. 0031 

In  constructing  Table  9  it  was  thought  expedient  to  facilitate  com- 
patation  by  assuming  i  =  6«™.  The  uniform  error  thus  introduced 
(except  in  case  of  No.  6,  about  which  later)  will  not  exceed  a  few  tenths 
per  cent,  of  excess.  The  unbroken  character  of  dR  is  therefore  attribu- 
table to  other  causes,  principally  to  the  fact  that  in  view  of  the  corroded 
or  pitted  surface  of  the  cylinder  after  solution — in  other  words,  in  view 
of  warty  irregularities,  which  even  the  diamond  does  not  satisfactorily 
remove — the  measured  value  of  B  must  be  too  large.  To  an  important 
bearing  of  this  result  we  have  already  alluded  above  (p.  31).  In  5  this 
oniform  error  is  largely  eliminated,  because  5  is  essentially  a  difference. 
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If  we  take  the  nnmerical  mean  of  the  valaes  of  dR  and  d^  for  I9o8. 
1  to  6,  respectively,  the  resolta  mast  yield  as  as  safe  an  estimate  for 
the  mean  errors  of  B  and  5  as  is  convenieiitly  obtaiaable,  even  thoagh 
this  method  be  not  panctilioasly  rigid.  Table  10  shows  the  valae  of 
ddj  corresponding  to  the  nnmerical  mean  valaes  nnder  consideration 
(Table  9)  for  each  of  the  cylinders  Nos.  1  to  6,  and  for  mean  valne  of 
R,  5,  ^.  The  table  is  readily  intelligible,  since  dd  is  the  influence  of  the 
error  placed  on  the  same  horizontal  row. 

Tablb  10. —  Calculated  {mean  numerical)  errors  of  6, 

[B  =  1.0;  d  =  0.05;  A.— i  A.  —  0.0026.] 


Vo. 

dB 

dtf 

d(A.-iA^ 

d» 

0.0080 
0.0060 
0.0008 
0.0010 
0.0060 
0.0001 

a  0018 

0.0060 
0.0001 
0.0018 
0.0060 
0.0003 

a  0016 

0.0060 
0.0008 

1 

0.0048 

8 

O1OOO6 

0.0073 

0.0080 

8 

0.0006 

0.0068 

0.0027 

4 

0.0006 

0.0060 

0.0086 

6 : 

0.0006 

o.ooei 

a  0081 

aooo6 

O.O0M 

The  distortion  due  to  errors  of  observation  enters  very  fally  into  the 
third  decimal  and  may  affect  the  second.  Its  mean  valne  will  not  be 
greater  than  a  few  tenths  per  cent.  This  is  by  no  means  sn£Bcient  to 
invalidate  the  observed  harmonic  character  of  Fig.  8.  It  is  indeed  only 
just  sufficient  to  permit  us  to  replace  the  jagged  outline  of  the  diagram 
by  well-ronuded  contonrs. 

These  data  are  so  important  as  to  urge  further  search  for  corroborative 
evidence.  Fortunately,  results  for  this  end  are  in  hand.  In  Tables  3 
and  5  we  derive  <^  in  two  ways :  iirst,  as  depending  on  mass  and  density 
alone ;  secondly,  as  depending  on  dimensions  and  density  alone.  The 
two  methods  of  computation  both  contain  J,  and  are  therefoi'e  not  wholly 
distinct;  but  they  differ  from  each  other  by  one  essential  variation  at 
least ;  and  although  it  is  again  not  rigidly  precise,  it  is  sufficiently  in 
keeping  with  the  present  purpose  to  regard  the  difference  between  the 
respective  valnes  of  d  as  a  fair  estimate  for  the  error  of  this  quantity. 
For  the  sake  of  facilitating  expression  or  of  deriving  a  single  final 
result,  we  will  go  one  step  further  and  regard  the  differences  between 
observed  and  calculated  d,  in  Tables  3  and  5,  as  errors  of  d  considered 
for  the  time  being  as  a  constant  quantity.    With  this  assamptiou  we 
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reach  a  concise  expression  for  the  mean  error  of  one  observation.  In 
consequence  of  the  transcendental  cho racier  of  the  dependence  of  6  on 
JB,  we  know  of  no  better  method  for  making  this  evaluation.  The  indi- 
vidnal  and  the  mean  errors  thus  derived  are  summarized  in  Tables  11 
and  12. 

Table  li.-^Exhihit  of  errors  of  <',  Jirat  series. 


Ko. 

SheU. 

Error. 

No. 

Shell. 

Error. 

!         Kg. 

1 

ShelL 

Error. 

1 

+O1OO8 

1 

11 

±0.000 

8 

-0.010 

-      17 

12 

-     07 

+     08 

+     08 

18 

±      00 

±      00 

+      01 

14 

+      04 

-     05 

15 

+      01 

~     08 

-      07 

16 

-      03 

-      01 

-      07 

17 

+      01 

+     02 

+      02 

18 

4-     00 

-      08 

-      11 

19 

-      01 

10 

-     08 

10 

+      02 

20 

+     01 

Mean  «nor. . 

11 
12 

±      00 
-      01 

±0.0058 

±0.0041 

-HxhiHtof 

errors  of  6,  second  series. 

Vo, 

ShelL 

Error. 

Ko. 

ShelL 

Error. 

Ko. 

ShelL 

Error. 

s 

+0.015 
-      10 

'4 

±0.000 
±      00 

•0 

+0.002 
-      14 

1 

-      02 

I 

-      01 

±      00 

-      03 

-      07 

±      00 

-      04 

1 

±      00 

.      08 

Hetn  error.. 

9 

+  .  01 
+     02 
-      01 

—^ 
±0.0060 

1 

1 

.  Hem  error . 

+      00 

-  01 
+      01 

-  01 

±a0026 

ICean  error . 

+      04 
+      02 
±      00 

±      00 

±0.0064 

The  magnitude  of  errors  contained  in  Tables  11  and  12  is  in  excellent 
accordance  with  the  corresponding  data  in  Table  10.  The  methods  of 
discussion  are  quite  distinct  and  independent.  We  therefore  infer  with 
some  confidence  that,  so  far  as  errors  of  the  cIpss  under  consideration 
go,  the  periodic  nature  of  the  dependence  of  the  density  at  a  given 
point  within  the  cylinder  on  the  depth  of  the  same  point  below  the  sur- 
face cannot  be  annulled  or  brought  to  merge  into  simpler  functions. 

Alike  in  order  of  importance  are  such  errors  as  depend  on  the 
state  of  the  surface  of  the  cylinders.  After  removal  of  a  shell  by  solu- 
tion the  surface  is  rarely  glossy,  most  usually  pitted,  furrowed,  and 
rough.  In  this  case  accurate  measurement  of  J  is  quite  dif&cult,  be- 
cause it  is  not  easy  to  cleanse  the  surface  thoroughly,  either  of  adher- 
ing sheets  of  invisible  air  bubbles  or  of  carbon,  rust,  or  even  metallic 
precipitate.    J  obtained  from  rough  surfaces  is  therefore  presumably 
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too  small.  The  objections  here  in  question  are  obviated  if  the  surface 
be  trued  and  polished  on  the  lathe  with  a  diamond  master  tool ;  but  this 
process  may  introduce  a  new  error,  even  if  proper  [)recaution  be  taken 
for  turning  under  water.  The  rise  of  temperature  resulting  from  fric- 
tion, or,  indeed,  the  merely  mechanical  effect  of  scratching,  may  change 
the  superficial  temper  very  appreciably.  In  other  words,  the  thermal 
effect  of  friction  may  be  quite  insignificant  when  distributed  over  the 
cylinder  as  a  whole;  but  its  effect  in  changing  the  stress  under  which 
the  superficial  shell  is  .'^  upposed  to  exist  may  nevertheless  be  marked. 
We  take  from  the  above  tables  a  few  data  to  corroborate  these  remarks. 
Roman  indices  refer  to  cylinders  by  number;  Arabic  subscripts,  to 

shells. 

Tabus  l^.—Detisity  effect  of  friction. 


No.,  6co. 

Rovgh. 

Smooth. 

Difference. 

dS, 

Ai« 

7.7864 

7.7892 

+0.0028 

+0.03 

At««.... 

7.7646 

7.7666 

+0.0020 

+0.02 

iW» 

7.7888 

7.7900 

+0.0012 

+0.01 

A." 

7.7734 

7.7753 

+0.0019  1  +0.02 

Ai'« 

7.7980 

7.8015 

+0.0035     +0.04 

AuJ 

7.7890 

7.7983 

+0.0043  !  -fO.04 

Density  is  increased  by  turning  to  an  amount  as  large  as  corre8i)onds 
to  the  removal  of  a  single  shell;  and  the  discrepancy  d  6  resulting  may 
be  even  one-half  per  cent,  of  the  density  of  shell  sought.  The  part 
of  this  increment  due  to  roughness  of  surface  and  the  part  due  to 
superficial  annealing  cannot  be  distinguished ;  but  it  is  clear  that  the 
data  will  only  be  sufficiently  accurate  for  the  present  comparisons  when 
cylinders  of  like  surface,  preferably  smooth,  are  examined.  If  we  in- 
spect the  equation  of  errors  here  involved, 

2dd^=R,  {A-i-A)  -|r+§  ^  (^-1-^.)  +%f^«., 

we  find  dd^  alarmingly  large  when  the  shells  are  thin.  Such  data  can- 
not be  regarded  as  valid  until  they  have  been  subjected  to  most  careful 
and  searching  scrutiny. 

Curiously  enough,  even  if  the  rough  cylinders  be  tested  from  time  to 
time,  density  seems  to  increase.  This  may  be  regarded  as  an  indica- 
tion of  slow  shrinkage.  Here  are  a  few  results,  h  denoting  the  inter* 
val  in  hours : 

Table  U.^Effeots  posaihli;  due  to  shrinkage. 


No.,&o.  1   h 

A 

Differenoe. 

A,«» 

Ai** 

0 
50 

0 
60 

7.7727 
7.7788 
7.8000 
7.8022 

J  +0.00U. 
J  +0.0022 
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The  data  are  again  of  the  same  order  as  the  differences  of  density  ob- 
tained by  removing  a  single  shell.  Here,  therefore,  is  a  source  of  error 
the  effects  of  which  cannot  as  yet  even  be  estimated.  The  few  data 
given  merely  suggest  the  importance  of  special  inquiry. 

A  third  class  of  errors  results  from  the  fact  that  it  is  nearly  impossi- 
ble to  preserve  perfect  cylindricity  throughout  the  course  of  the  experi- 
ment. Solution  is  liable  to  take  place  at  greater  rates  near  the  ends 
of  the  pieces  of  steel,  as  well  as  irregularly  over  the  surface.  The  re- 
moval of  matter  in  too  great  quantity  from  the  ends  must  be  particu- 
larly apprehended.  This  difficulty  may  be  corrected  to  some  extent  by 
painting  with  asphaltum  ;  but  it  is  not  thoroughly  counteracted.  Even 
the  diamond  polishes  the  surface  without  necessarily  restoring  the  cylin- 
drical figure  comi)letely.  Hence  unless  great  care  be  taken,  the  cylin- 
ders, after  repeated  solutions  of  shells,  become  more  and  more  convex 
and  barrel-shaped,  and  hence  if  the  infinitesimal  shells  of  the  hard 
cylinder  be  coaxial  and  symmetrical  with  respect  to  its  equator,  the 
dissolved  shell  is  not  in  full  coincidence  with  a  series  of  elementary 
shells  of  the  cylinder.  Moreover,  the  discrepancy  is  greater  as  the 
harmonic  distribution  of  density  is  of  small  period  or  crowded.  In 
such  a  case  the  true  periodicity  may  wholly  escape  detection. 

Again  the  density,  d,  directly  obtained  is  not  the  true  density  for  the 
given  distance,  x,  below  the  surface.  This  follows  readily  if  it  be  called 
to  mind  that  the  structure  of  the  tempered  cylinder  must  be  that  of 
box-within-box.  Hence  if  we  consider  the  distribution  of  density  along 
the  nth  elementary  shell  we  must  find,  on  passing  from  equator  to  either 
end,  a  general  increase  to  a  maximum  simply  because  we  approach 
parts  near  an  end  surface  of  the  original  cylinder.  The  analysis  has 
already  been  given. 

The  final  source  of  error  is  readily  detected.  We  refer  to  superficial 
oxidation.  It  is  obvious  that  the  rapid  descent  of  the  loci  of  both  J  and 
S  for  points  near  the  surface  is  partially  a  secondiiry  phenomenon,  a 
simple  physical  expression  for  decarburation.  To  this  we  have  already 
adverted  (p.  33).  We  may  add  here  that  cracks  are  apparently  accom- 
panied by  small  values  of  J  (p.  34). 

It  will  hardly  be  necessary  to  refer  to  the  actual  measurements.  The 
water  in  which  steel  is  frequently  immersed  soon  shows  yellowish  tur- 
bidity, due  to  suspension  of  rust.  In  replacing  this  by  fresh  water,  we 
invariably  weighed  the  bodies  (steel)  in  both;  but  the  differences  be- 
tween the  respective  values  of  density  were  negligible  in  all  cases. 

The  results  of  this  discussion  may  be  tersely  summarized  thus :  A  first 
approximation  reveals  structure  (<y=/(a?)),  as  a  simple  function  of  depth 
(x=Po — p)  below  surface,  nearly  independent  of  radius;  more  accurate 
approximation  suggests  an  exceedingly  complicated,  probably  harmonic 
function  of  depth.  Final  decision  as  to  whether  the  harmonic  relations 
in  hand  are  true  expressions  for  the  variations  of  structure  involved,  or 
Bull.  36 4  (491) 
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whether  they  simply  indicate  a  periodic  distribntion  of  errors,  can  alone 
be  given  by  freqneut  and  laborious  repetitions  of  experiments  like  those 
here  described,  with  comparisons  of  all  the  loci  obtained.  The  experi- 
ments must  include  many  types  of  steel;  for  it  is  in  this  work  that  the 
quality  of  the  material  enters  as  a  factor  of  exceptionally  great  impor- 
tance. We  come  at  once  in  contact  with  the  jwwer  of  retaining  stress 
postulated  in  our  earlier  bulletin. 

CONCLUSION. 

The  general  results  of  the  present  paper  have  been  so  fully  summa- 
rized in  the  preceding  paragraph  that  further  remarks  here  are  nearlf 
superfluous.  But  there  are  certain  ulterior  {>oints  at  issue  which  have 
not  yet  been  touched  ui)on.  In  the  fir.st  ])lace,  it  is  clear  that  the  inves- 
tigation of  structure,  which  the  present  paper  merely  coaimences  for 
the  glass-hard  state,  is  incomplete :  that  it  must  be  supplemented  by 
the  nearly  equally  important  series  of  data  for  the  other  definite  states 
of  temper  between  hard  and  soft.  In  Bulletin  14  we  studied  the  phe- 
nomenon of  annealing  in  its  gross  or  aggregated  efl'ects ;  but  the  minute 
analysis  of  this  phenomenon  must,  under  given  circumstances  of  ex- 
posure, necessarily  discern  differences  of  haraness  at  each  point  of  the 
rod  annealed.  It  must  distinguish  between  the  i)aths,  as  we  mny  say, 
by  which  the  consecutive  individual  shells  eventually  reach  the  state 
of  homogeneous  temper,  while  the  rod  as  a  whole  i)asses  from  hard  to 
soft. 

An  imi)ortant  observation  is  the  dependence  of  structure  on  the 
quality  or  kind  of  steel  carrying  the  hard  strain,  so  that  it  may  even 
be  a  sensitive  criterion  of  the  character  of  the  material  employed. 
Certainly  it  is  difficult  to  avoid  the  inference  that  the  lauded  theory 
of  dense  shell  and  rare  core,  or  hard  shell  and  soft  core,  when  re- 
garded as  a  faithful  expression  for  the  structural  results  of  temper, 
is  quite  incomplete.  Under  given  conditions  of  quenching  and  for  a 
given  kind  of  steel,  the  hardness  at  a  point  is  dependent  upon  the  po- 
sition of  the  said  point  below  the  surface,  and  will  be  harder  or  softer 
than  the  superficial  layers  in  proportion  as  we  pass  through  greater 
values  of  depth.  Hence,  so  long  as  crucial  evidence  for  or  against  vis- 
cous shrinkage  (i.  e.,  continuous  variation  of  strain  due  to  purely  me- 
chanical causes)  is  not  in  hand,  so  long  as  the  strain  at  any  point  of  a 
teinpered-steel  bar  is  persistent  and  apparently  independent  of  the 
strain  of  surrounding  parts,  it  will  be  safest  to  return  to  the  venerable 
hypothesis  of  combined  carbon,  much  in  the  form  in  which  Karsten 
and  his  stalwart  associates  left  it.^ 

^  We  have  since  exaiiiiDed  tbe  qaeBtiou  of  strncture  from  a  variety  of  different 
8taDdpoint8.  It  is  difficult  to  give  satisfactory  excerpts  here;  aad  the  reader  ifi 
therefore  referred  to  the  American  Journal  of  this  year  and  to  forthcoming  Bnlletinc 
of  the  Survey.— August,  1886. 
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B.— THE  COLOR  EFFECT  PRODUCED  BY  SLOW  OXIDATION  OF  IRON- 
CARBURETS. 

Under  this  head  we  desire  to  continue  the  investigation  on  certain  color 
phenomena  peculiar  to  iron-carburets  commenced  in  an  earlier  bnlletin." 

Let  there  be  given  an  oxide  film  bounded  by  two  parallel  planes,  in- 
definite in  extent,  the  anterior  plane  being  continually  in  contact  with 
air,  the  posterior  plane  continually  in  molecular  contact  with  iron.  Let 
the  degree  of  oxidation  at  all  points  of  any  parallel  plane  between  them 
be  identical.  If  0  be  the  oxidation  in  an  interface  at  a  distance  x  be- 
low the  anterior  surface,  then  we  regard  —  dO  \  dx  as  an  important  factor 
of  the  force  in  virtue  of  which  oxygen  is  urged  normally  through  the 
interface,  in  an  inward  direction.  And,  furthermore,  since  during  the 
whole  growth  of  the  film  the  inner  and  outer  coats  remain  in  contact 

with  iron  and  air,  respectively,  we  must  infer  that    /  ^  dOj  the  differ- 


]:■ 


ence  between  the  degrees  of  oxidation  of  the  two  extreme  surfaces,  is 
constant.  Hence  the  mean  value  of  dO  |  dx  must  decrease  in  proportion 
as  the  coat  increases  in  thickness,  and  hence  oxidation  ceases  completely 
after  a  certain  finite  thickness  of  film  has  been  formed.  Experiment 
shows  that  at  each  temperature  the  depth  of  film  below  which  oxygen 
cannot  penetrate  is  a  quantity  of  definite  value,  increasing  as  tem- 
perature increases.  We  find  moreover  that  oxidation  advances  as  far 
as  the  said  maximum  depth  gradually  at  a  slowly  decreasing  rate 
through  infinite  time. 

In  the  case  of  ordinary  difiusion  —  dO  \  dx  would  be  a  continuous  func- 
tion of  X.  In  the  ])resent  instance,  however,  —  dO  \  dx  is  not  neciessarily 
continuous.  Regarding  the  character  of  —  dO  \  dx  no  further  remark 
can  here  be  made  than  that  it  must  decrease  continually  from  the  anterior 
to  the  posterior  face  of  a  film-  It  is  known  that  the  oxide  which  forms 
on  iron  during  heating  \i^  not  of  definite  chemical  composition.  According 
to  Koscoe  and  Schorlemmer*  the  inner  layers  are  not  magnetic  and  ap- 
proximately' 6  Fe  O  Fe2  O3.  The  outer  layers  contain  more  ferric  oxide 
and  are  magnetic.  This  result  for  thick  layers  does  not,  however,  bear 
any  immediate  relation  to  the  composition  of  extremely  thin  films,  for 
after  the  coat  has  increased  to  a  certain  thickness  it  cracks,  and  the 
phenomena  are  then  repeated  in  promiscuous  and  irregular  succession. 
The  considerations  suggested  lead  directly  to  the  grained  structure  of 
matter,  and  we  have  remarked  elsewhere  that  the  oxygen  molecule  does 
not  penetrate  deeper  than  a  few  thousand  times  its  own  dimensions. 
Nevertheless  the  convenience  of  a  function  like  —  dO  \  dxy  continuous 
throughout  the  great  parts  of  its  extent,  at  least,  is  obvious. 

»U.  8.  Geol.  Surv.  BuU.27,  p.  51,1885. 
*Bosooe  and  Schorlemmer,  Chemistry,  1864,  II,  2,  p.  86. 
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Our  observations  are  as  yet  by  no  means  sufficiently  advanced  to  en- 
able us  to  express  the  final  (time  =  oc)  thickness  of  film  in  its  depend- 
ence on  temperature.  The  data  of  the  former  paper,  moreover,  are  in- 
complete in  two  respects:  they  contain  only  isolated  values  for  the 
early  stagfes  of  oxidation,  which  stages  are  important  because  they  ex- 
hibit the  time  effect  perspicuously;  they  furnish  no  results  at  all  for  the 
oxidation  effect  of  low  temperatures.  To  supply  these  deficiencies  is  the 
main  object  of  this  paper. 

The  method  of  experimentation  here  adopted  is  identical  with  that  of 
the  former  paper.  It  was  found  expedient,  however,  to  allow  the  flame 
of  the  burner  to  impinge  upon  a  broad  plate  of  brass;  to  place  the 
shaft  with  its  horizontal  asbestus  screen  properly  adjusted,  upon  the 
plate.  This  insures  greater  constancy  of  temperature  throughout  the 
area  of  base.  Moreover,  no  discrepancy  due  to  hot-air  currents  coming 
directly  from  the  flame  is  to  be  apprehended.  To  obtain  lower  tempera- 
tures along  the  given  length  (25*")  of  shaft,  we  found  it  fairly  exi)e- 
dient  to  use  two  brass  plates  with  an  interposed  sheet  of  asbestus.^  By 
this  device  the  range  of  temperature,  180^  to  300^,  was  reduced  as  far  as 
lioo  to  160O.  Certain  objectionable  features  are  to  be  mentioned  below.* 
If  care  be  taken  to  avoid  these,  the  apparatus  will  furnish  ample  facili- 
ties for  the  complete  researches  on  temper  value  contemplated. 

Data  for  high  temperature. — The  results  contained  in  Tables  15  to  18 
were  investigated  with  a  view  to  corroborating  the  results  of  an  earlier 
paper.3  The  range  of  temperature  here  lies  within  ISO^  to  260°,  and 
the  dai*  bands  or  zones  (colors  of  higher  order)  are  to  be  observed 
chiefly  during  the  initial  stages  of  oxidation.  • 

In  Table  15  the  approximate  positions  of  the  color  zones  are  given  by 
noting  £(s  accurately  as  possible  the  consecutive  depths  (in  centimeters) of 
the  upper  and  lower  boundaries  of  the  respective  zones  below  the  top  of 
shaft  as  a  datum.  A,  here,  is  the  time  in  hours  dated  from  the  moment 
at  which  the  experiment  was  started.  The  figures  under  "remarks'' 
refer  to  the  observed  depth  of  the  center  of  color  of  the  "clear blue" 
band.  The  column  "  dark  "  contains  data  for  all  shades  of  the  vari- 
ously-tinged blacks  which  follow  the  gray. 

In  Table  16  we  give  lesults  for  the  successive  distributions  of  tem- 
perature on  the  shaft.  "No."  refers  to  the  thermo  element  of  platinum 
and  platinum-iridium  (20  percent.)  used,  e^  is  the  electromotive  force 
of  this  couple  when  the  hot  junction  is  applied  at  a  depth,  <f,  and  the 
cold  junction  kept  constantly  at  20o.  From  this,  #,  the  temperature 
in  degrees  centigrade  is  calculated.  The  means  of  the  results  for  tem- 
perature and  depth  are  summarized  in  Table  17. 

On  the  basis  of  Tables  15,  16,  17  we  computed  the  results  in  Table  18. 
The  depths  and  mean  temperatures  of  the  successive  color  bands  are 

» See  Fig.  10,  p.  59. 

«See  p.  58. 

sU.  S.  GeoL  Snrv.  Bull.  No.  27.  p.  51. 
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here  given  for  each  time  of  observation.  The  resnlts  for  clear-blae, 
having  been  8i>eciaUy  redetermined,  are  probably  more  accurate  than 
the  others. 

Tablb  16.  —  Con$eouHve  po9itUnii  of  the  color  hand$. 


Dfeto. 

A 

Dark. 

Steel, 
gmy. 

^r 

Cle«r^ 
blue. 

Purple. 

Brown. 

Yellow. 

j 

Bemarks. 

188Sw 

Sept  15.. 

0 

25-0 

Flame  etarted. 

1.6 

25-0 

Top  aboTO  lOOo. 
BottomJastvla. 
ibly  darkening. 

2.7 
S.6 
&2 

22- 

-0 
-0 
-4) 

24.5. 

25-24 

25-22 

24^ 
22-20 

22- 

20- 

24.0. 

28.5. 

Bl6 
24 

26-22 
22-19 

22-21 
19-18 

21- 
18- 

-19 
-10 

1».0 
10-0 

28. 

SepLW.. 

25- 

-22 

20. 

88 

25-21 

21-20 

20-19 

19-17 

17- 

-8 

8-0 

19.5. 

Sept  17.. 

48 

25-21 

21-19 

19-18 

18-16 

16-10 

10.5 

5-0 

19.5. 

58 

25-21 

21-19 

1».18 

18-16 

16-10 

10-0 

1&  (Shalt  mav 
be  oonaiderea 
ooloredthrongh- 
oat  its  length.) 

S^ptlS.. 

72 

25-24 

24-21 

21-19 

19-17 

17-15 

15-9 

9-0 

1& 

Sept  IP.. 

96 

25-28 

23-19 

19-18 

18-16 

16-14 

14-12 

12-0 

17.  (Streaka  of 
bine  apoil  the 
purity  of  odor.) 

104 

25-28 

23-20 

20-18 

18-16 

16-10 

10- 

-4) 

Sept  20.. 

120 

25-23 

23-19 

19-18 

18-15 

15-18 

18- 

-0 

16L5. 

Sept  21.. 

144 

25-23 

23-19 

19-17 

17-15 

15-14 

14-10 

1(M> 

16. 

Sept  22.. 

168 
175 

25-22 

22-18 

18-16 

16-14 



14-12 

12- 

-0 

15. 
15. 

1 

Tablb  16,— SueeeeHve  dUtrihuHons  of  temperature. 


Time. 

No. 

d 

m 

( 

Time. 

Ko. 

d 

m 

( 

A 
10 

85 

0 

I860 
1470 

o 
178 

101 

A 
68 

85 
85 
35 
85 
35 
35 
35 

24 
0 
12 
24 
0 
12 
24 

2141 
1243 
1430 
2009 
1277 
1506 
2118 

o 
260 

10 

35        12 

oe 

164 

10 

35 
85 
85 
85 
35 
85 

24 
0 

12 

24 
0 

12 

2053      2sa 

oe       ) 

187 

84 

1284 
1533 
1975 
1243 
1455 

170 
197 
245 
IGO 

■  06      

247 

34 

1  145    

170 

34 

145         

194 

68 

145 

256 

88 
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Table  17.  —  Di$tribution  of  temperature^ mean  value$. 


1=:. 


0 

leo 


6 
175 


10 
186 


15 

202 


227 


28 

3f7 


Table  18. — Average  temperatures  of  the  euccestive  color  hands. 


Date. 

h 

Gray. 

Light- 
bine. 

Clear- 
blue. 

Purple. 

Brown. 

Yellow. 

ColortoM. 

Sept  15. 1885 

0 
2.7 
5.5 
8.2 
0.5 
24 
83 
48 
68 
72 
06 
104 
120 
144 
168 
175 

d 

t 

t 

d 

t 

d 

t 

d 

t 

ol  e 

1 
d       t 

24 
24 
23 
23 
20 
19 
18 
18 
17 
17 
17 
16 
16 
15 
15 

280 
270 
265 
260 
232 
229 
225 
220 
216 
214 
214 
211 
200 
204 
202 

23 
20 
21 
19 
18 
17 
17 
17 
15 
13 
14 
14 
13 

260 
232 
240 
225 
219 
214 
214 
214 
204 
195 
200 
200 
195 

21 
20 
20 
20 
10 
10 
18 
18 
17 

240 
282 
282 
232 
225 
225 
210 
210 
214 

20 

232 

19 

10 

8 

5 

0 

235 

24 
23 
28 
23 
22 
21 
21 
21 
21 
20 

270 
260 
260 
260 
250 
240 
240 
240 
240 
230 

18S 

Sept  16, 1885 

Sept  17, 1885 

Sept  18. 1885 

Sept  19. 1885 

178 

14 
14 
12 
13 

200 
200 
191 
195 

7 
5 
5 
6 

177 
172 
172 
178 

172 
168 

Sept  20. 1885 

Sept  21,  1885 

Sept  23.  1885 

12 

191 

5 

172 

; 

In  the  accompaDjing  figure  (Fig.  9)  the 'temperature  at  the  ceuter 
of  figure  of  the  clear  blue  band  is  graphically  represented  in  its  varia- 
tion with  time.    The  diagram  contains  both  present  and  early  obser- 


A  Ida,  ^oa 

¥iQ.  9.  Temperature  of  the  mean  "clear  blue  *'  film,  regarded  as  a  fyomotion  of  time. 

vations,  the  former  being  distinguished  by  small  circles,  the  latter  by 
crosses.    Table  18,  moreover,  would  enable  us  to  construct  similar  looi 
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for  the  zones  gray,  light  blue,  purple,  brovrn,  yellow,  colorless.  Bat 
the  data  for  these  colors  are  neither  so  complete  nor  so  accurate;  they 
show  like  contours  with  the  clear-blue  curve,  and  differ  from  it  chiefly 
in  position.    They  are  omitted  to  avoid  confusion  in  the  diagram. 

The  discrepancy  between  the  present  and  former  loci  clear  blue  is 
nowhere  larger  than  10^.  In  consideration  of  the  large  sources  of  error 
and  uncertainty  involved  in  color  measurements,  this  accordance  is 
obviously  satisfactory.  We  obtain  a  thorough  corroboratio  i  of  the 
earlier  result,  viz,  that  the  conditions  under  which  any  given  color  is 
reached  in  normal  atmospheric  air  depend  both  on  the  time  and  on  the 
temperature  of  exposure  in  such  a  way  that  the  influence  of  time  more 
and  more  nearly  vanishes  in  proportion  as  the  exposure  is  indefinitely 
prolonged.  Ultimately,  therefore,  the  color  datum  is  a  function  of  tem- 
perature only. 

When  the  (hot)  shaft  is  allowed  to  cool  after  the  ordinary  circumstances 
of  exposure,  we  find  that  after  6  hours  of  cooling  it  is  just  warm  to  the 
touch.  We  infer,  conversely,  that  the  thermal  condition  must  neces- 
sarily become  stationary  within  the  first  10  hours  of  heating.  Now^ 
the  upward  movement  of  the  color  zones  on  the  shaft  is  still  marked 
after  200  hours,  and  hence  cannot  be  seriously  distorted  by  irregulari- 
ties of  heating  at  the  inception  of  the  experiment. 

We  may  remark  that  when  spread  over  large  areas  of  planed  wrought 
iron  the  oxide  coloration  is  apparently  less  brilliant  than  when  com- 
prehended between  isothermals  lying  very  closely  together.  Probably 
streaks  of  color  due  to  irregularities  in  the  surface  (unpolished)  interfere 
with  the  purity  of  the  tints.  Hence  the  use  of  thinner  cylindrical  rods 
which  the  colors,  as  a  whole,  would  encircle  like  a  narrow  girdle  may 
be  quite  as  good  a  method  of  experiment  as  the  present :  for  tempera- 
ture may  be  interpolated  with  accuracy  for  observations  made  at  points 
of  the  rod  on  both  sides  of  the  girdle.  Such  rods  should  be  of  steel 
ajid  well  polished. 

Data  for  low  temperature. — ^Tables  19,  20,  21,  and  22  are  constructed 
on  the  same  plan  as  Tables  15, 16, 17,  and  18,  and  differ  from  them  only 
in  that  the  results  given  hold  for  lower  ranges  of  temperature.  The 
tables  follow.  Depths  are  expressed  in  centimeters,  time  in  hours, 
temperatures  in  degrees  centigrade. 
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Table  19,— Consecutive  posi^ons  of  the  color  hands. 


Date. 

h 

Blae. 

Purple. 

Brown. 

Stmw- 
yellow. 

Lleht- 
yellow. 

Color, 
less. 

Bemorka. 

Sept  26, 1885 

Sept  27, 1885.... 

Sept  28, 1885 

Sept  30. 1885 

Oct.  2,1885 

0 
23 
48 
87 
137 
161 
283 

Experiment  started. 
Color  scarcely  pereeptiUsL 

25-22 
2^.21 
25-21 
20-14 
19-12 
19-12 

22-0 
21-0 
21-0 
14-0 
12-0 
12-0 

Color  stiU  very  fislnt. 

25-22 
25-23 
24-22 

22-1-0 
23-19 
22-19 

Oct 3, 1885.  ..'... 
Oct  6, 1885 

25-24 

Oct  7,1885 

Oct  8. 1885 

Oct  9, 1885 

Oct  10, 1885 

Oct  11, 1885 

267 
280 
305 
334 
353 

25-23 
25-23 
25-22 
25-22 
25-22 

23-21 

22-20 
22-20 

23-19 
21-19 
22-18 
20-17 
20-18 

ia-14 
19-14 
18-14 
17-12 
18-14 

14-0 
14-0 
144) 
12-0 
14-0 

Oct  13. 1885 

Oct  14, 1885 

401 
425 

25-24 
25-24 

2&.22 
25-22 

22-20 
22-19 

20-17 
ia-17 

17-18 
17-13 

13-0 
13-0 

Oct  16. 1885 

478 

25-24 

25-22 

22-19 

ia-17 

17-18 

13-0 

Oct  17, 1885 

408 

26-24 

24-21 

21-19 

19-17 

17-12 

12-0 

Oct20.1885  

568 

25-24 

24-22 

2^19 

19-16 

16-12 

12-0 

Oct  22, 1885 

616 

25-24 

24-22 

22-19 

19-16 

16-12 

12-0 

Oct  23. 1885 

644 

25-24 

24-21 

21-lH 

18-15 

15-12 

12-0 

Oct  25, 1885   

688 

25-24 

24-22 

22-18 

18-16 

16-12 

12-0 

Oct  28, 1885 

Oct  29. 1885 

711 
789 

25-24 
25-24 

24-22 
24-22 

22-19 
21-19 

19-17 
19-16 

17-12 
16-12 

12-0 
12-0 

Nov.2,1885 

887 
890 
890 
890 
890 

25-24 

24-22 

22-18 

18-15 

15-12 

12-0 

Q*BOUt. 

25-23 
25-24 
25-23 

23-21 
24-22 
23-20 

21-19 
22-19 
20-18 

ia-l7 
19-18 
18-16 

17-14 
18-13 
16-11 

14^ 
13-0 
11-0 

Bemainisff  fAoea    of  tii« 
ooldshafLa 

a  The  thick  asbMtns  screen  sarroaoding  the  shaft  covers  the  part  between  25.0  and  24.6.    ThU  pert 
la  fdntly  disoolorod  at  a  oonaeqaence. 

Table  20,— Suooessive  disiribuiions  of  temperature. 


Time. 

N& 

«M 

d 

t 

1                 Time. 

Na 

«M 

d 

C 

h 
28     

86 

749 
849 

1142 
774 
892 

1216 
764 
887 

1199 
745 
867 

1166 
791 
889 

1224 

0 
12 
24 

0 
12 
24 

0 
12 
24 

0 
12 
24 

0 
12 
24 

111 

124 

164 

114 

126 

162 

113 

126. 

160 

110 

125 

167 

115 

126 

162 

h 
280   

86 

771 
867 

1197 
762 
849 

1193 

•740 
860 

1174 
608 
843 

1118 
656 
763 

1056 

0 
13 

24 

0 
12 
24 

0 
12 
24 

0 
12 
24 

0 
12 
24 

118 

28   

280 

125 

28   

85 

1  280  : 

160 

48 

[  386 

86 

UO 

48 

1 
886   

124 

48 

886 

150 

87 

85 

676 

86 

100 

gj        .          

676 

125 

U7 

676 

156 

137 

85 

i  716 

85 

106 

137 

715       

121 

137,  ,                 

716 ,.. 

152 

185          

35 

890 

86 

100 

185         .          ,-... 

'  890 

111 

185 

z 

146 

1 
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Tabus  21,—IHstriJmtion  of  temperature'^mean  vdlue$. 


4a 

0 

5 

1180 

10 
1190 

15 
12»o 

20 
1480 

23 

fa ^ 

154^ 

Table  2Sl.— Average  temperatures  of  the  suceeseive  color  hands. 


Dale. 


Blue. 


Paiple. 


Brown. 


JStraw- 
yellow. 


Light- 
yeliow. 


Colorless. 


d. 


S«pt2e»1080 
Sept  27, 1886 
Sept  28, 1885 
Sept  30, 1885 
Oct  2, 1885.. 
Oct  8, 1885.. 
Oct  6. 1885.. 
Oct  7. 1885.. 
Oct  8. 1885 . . 
Oct  0,1885.. 
Oct  10, 1885. 
Oct  11, 1885. 
Oct  18, 1885 . 
Oct  14, 1885 . 
Oct  16, 1885  . 
Oct  17, 1885. 
Oct  20, 1885  . 
Oct  22, 1885. 
Oct  23, 1885. 
Oct  25, 1885. 
Oct  20, 1885. 
Oct  20, 1885. 
Nov.2,1885.. 


0 
23 
48 

87 
187 
161 
283 
257 
280 
305 
334 
353 
401 
425 
478 
408 
568 
616 
644 
688 
711 
780 
887 


300 


260 


240 


220 


160 
160 
160 
160 
160 
160 
160 
160 
160 
160 
160 


160 
157 
167 
166 
155 
156 
164 
154 
154 
161 
154 
154 
164 
164 
164 
164 
154 


167 
165 
168 


22 


140 


146 
146 
140 
144 
144 
143 
144 
144 
143 
143 
144 
143 
143 


145 
145 
144 
145 
144 
144 
137 
140 
137 
136 
186 
136 
135 
136 
184 
184 
136 
134 
134 


154 
154 
134 
130 
134 
134 
184 
132 
128 
132 
129 
129 
129 
127 
126 
126 
126 
126 
127 
126 
126 


200 
140 
145 
145 
126 
128 
123 
126 
126 
126 
123 
126 
125 
125 
125 
128 
123 
123 
123 
128 
123 
123 
123 


An  inspection  of  the  loci  of  the  data  given  in  Tables  19  to  22,  where 
for  stated  colors  mean  temperature  is  expressed  in  function  of  time, 
shows  this:  In  most  cases  only  such  parts  of  the  respective  curves  as 
are  almost  indistinguishable  from  the  asymptotes  have  been  observed. 
In  the  earlier  Bulletin,^  and  in  the  first  parts  of  the  present  paper,  evi- 
dence was  adduced  to  prove  that  the  influence  of  temperature  to  pro- 
duce color  bands,  the  order  of  which  increases  contin  uously  with  time,  is 
particularly  marked  during  the  first  100  hours  of  exposure  and  is  very 
nearly  complete  within  200  hours.  In  Tables  19  to  22  the  blue  purple 
bands  did  not  rise  observably  above  the  horizontal  screen  until  more  than 
200  hours  had  elapsed  after  the  beginning  of  the  experiment.  These 
bands,  moreover,  extend  upward  not  more  than  2«°^  above  the  base  of 
the  shaft.  At  points  so  near  the  bottom  the  fluctuations  in  the  intensity 
of  flame  are  not  yet  either  obliterated  or  rounded.  It  is  therefore  pos- 
»U.  8.  Geol.  Surv.  BuU.  27,  p.  51. 
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Bible  that  duriDg  the  night  hoars,  or  at  other  times  when  measarements 
were  not  made,  these  parts  may  have  temporarily  shown  temperatiues 
appreciably  above  the  mean  values  of  the  set  of  ten  series  of  measure- 
ments in  hand.  Hence  the  dark  bands  may  owe  their  origin  to  tempera- 
tures above  the  exceptionally  low  values  given  in  the  tables.  Finally, 
at  points  near  the  base  and  (hot)  screen,  oxidation  is  probably  acceler- 
ated because  the  oxidizing  air  impinges  at  a  temperature  necessarily 
higher  than  is  that  of  the  air  near  the  upper  parts  of  the  shaft.  This, 
therefore,  is  a  second  *caase  for  the  unusually  low  temperatures  at  which 
dark  zones  have  here  been  obtained. 

Bemarks  of  a  similar  kind  apply  in  a  measure  to  the  dark  yellows- 
brown  and  straw-yellow.  The  colors  did  not  emerge  above  the  screen, 
and  hence  observation  was  not  feasible  until  100  hours  after  llie  begin- 
ning of  the  experiment.  The  lines  obtained  are  practically  asymptotes ; 
the  temperatures  are  too  low. 

The  present  set  of  measurements  is  therefore  interesting  chiefly  be- 
cause of  the  values  obtained  for  the  oxidation  of  low  temperatures. 
The  light  yellow  and  colorless  parts  of  the  shaft  ai*e  so  high  above  the 
base  that  tbe  objections  which  hold  for  dark  bands  are  no  longer  ap- 
plicable. Moreover,  the  temperature  discrepancy  in  question  can  only 
give  additional  weight  to  the  inferences  presently  to  be  drawn.  It  ap- 
pears, therefore,  that  under  ordinary  atmospheric  conditions  tempera- 
tures falling  below  125^  will  not  perceptibly  oxidize  iron  (color  effect), 
however  long  their  action  may  be  continued.  It  appears,  furthermore, 
that  the  effect  of  temperatures  near  this  limit  is  such  that  the  final  tint 
or  color  of  highest  order  is  in  any  given  case  reached  in  a  comparatively 
short  time;  or  that  it  is  reached  at  a  stage  of  progress  certainly  quite 
as  early  as  that  observed  for  dark  bands.  Here,  then,  we  observe  a 
difference  in  the  temper  effect  and  the  color  effect  of  temperature;  since 
in  tbe  former  case  (of  annealing)  the  influence  of  time  is  particularly 
marked  for  lower  temperatures  (<100O)  •  whereas  for  higher  tempera- 
tures (>200o)  it  is  nearly  negligible.  The  result  for  color  phenomena 
is  almost  the  converse  of  this,  since  the  time  effect  here  is  rather  more 
marked,  and  prolonged  through  greater  intervals,  for  dark  bands  than 
for  very  light  bands.  Finally  we  may  observe,  in  a  general  way,  that 
the  annealing  effect  of  the  action  of  temperature  on  hard  steel  is  as 
nearly  complete  in  a  few  hours  as  is  the  color  effect  in  a  few  hundred 
hours — a  difference  which  will  probably  be  crucial. 

The  color  phenomena  in  question  may  be  made  to  appear  in  another 
aspect.  We  may  discuss  the  rate  at  which  for  a  given  temperature  the 
thickness  of  coat  varies  when  exposure  is  prolonged  indefinitely.  A 
method  of  using  monochromatic  light  of  wave  length  X  and  of  deter- 
mining the  thickness  d  of  film  from  (f=nT>  where  n  is  the  order  of  the 

band,  is  here  inapplicable.  The  bands  are  too  broad  and  diffused  and  the 
temperature  variation  within  the  first  band  is  of  considerable  importance. 
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Nevertheless^  the  colors  appearing  in  white  light  are  available  for  ob- 
taining the  datum  sought,  and  the  above  results  may  thus  be  inter- 
preted. It  is,  however,  best*  to  omit  this  comparison  here.  For  the 
purpose  in  question,  it  is  desirable  to  obtain  the  colors  in  the  state 
of  extreme  purity  in  which  they  appear  on  a  polished  steel  cylinder. 
Mr.  William  Orunow,  of  West  Point,  has  been  at  great  pains  to  furnish 
us  with  a  steel  shaft  of  this  kind,  25«"  long  and  6.5^  in  diameter.  The 
shaft  in  position,  M  M  M  M,  is  shown  in  the  accompanying  diagram. 
Fig.  10,  in  which  a  a  are  plates  of  metal  between  which  a  sheet  of 


HP 


Fig.  10.  Grunow's  shnftf  in  position. 

asbestus  may  be  interposed.  A  screen,  S  S,  fully  35<^  in  diameter, 
protects  the  shaft  from  direct  flame  currents.  The  essential  feature 
of  this  arrangement  is  the  vertical  hole  c  o,  0.5<™  in  diameter,  and  ex- 
tending to  within  a  few  millimeters  of  the  base.  Into  this  we  purpose 
to  introduce,  momentarily,  a  properly  insulated  thermo-couple  to  de- 
termine the  thermal  distribution  throughout  the  length  of  the  shaft; 
it  is  generally  to  be  used  for  the  reception  of  glass- hard  steel  wire.  Be- 
tween any  given  and  any  known  isothermals,  therefore,  we  have  on  the 
outside  of  the  polished  cylindrical  surface  certain  clear  color  effects. 
Between  the  same  isothermals  we  have  also  a  definite  annealing  effect, 
determinable  by  examining  the  parts  of  the  steel  wires  there  exposed. 
From  a  comparison  of  these  data  the  temper  value  of  the  oxide  colors 
is  deducible  in  full  generality.    We  may  add  that  under  certain  circum- 
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stances  it  may  be  desirable  to  invert  the  cylinder ;  to  introduce  the  steel 
wires  and  the  elements  alternately  from  below,  and  to  heat  the  shaft  in 
some  appropriate  way  at  the  top.  Indeed  it  appears  to  us  that  rods 
bored  on  the  gun-barrel  principle  would  offer  very  satisfactory  objects 
for  accurate  measurements  of  heat  conductivity;  for  the  advantages 
of  measuring  the  (constant)  temperature  at  any  point  in  the  interior  of 
a  narrow  vertical  cylindrical  canal,  closed  above,  over  measuring  the 
corresponding  temperature  at  the  mantle  of  the  rod,  are  obvious  at 
once. 
Washington-Peague,  January^  1886. 
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CAEL  BARUS. 
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SUBSIDENCE  OF  FINE  SOLID  PARTICLES  IN  LIQUIDS. 


By  Oasl  Babus. 


CHAPTER   I. 

QBNBRAL  RELATIONS  OP   THE   PHENOMENON  OP  SUBSIDENCE. 

INTBODUOTOBT. 

The  remarks  in  this  paper  were  suggested  l>y  Prof.  W.  H.  Brewer's 
memoir  on  sedimentation,  to  a  condensed  account  of  which  I  had  the 
honor  of  listening  at  the  New  Haven  meeting  of  the  National  Academy 
of  Sciences,  November,  1883. 

It  is  my  endeavor  in  Chapter  I  to  analyze  the  phenomenon  of  sub- 
sidence into  parts  such  that  the  conditions  under  which  subsidence  is 
to  be  explained  from  a  chemical  or  from  a  physical  point  of  view 
may  be  better  discernible.  As  an  attempt  is  made  to  cover  as  much 
ground  as  possible,  the  chapter  is  largely  qualitative  in  character. 
With  these  data  in  hand  I  then  begin  the  quantitative  study  of  but 
one  of  the  more  important  features  of  subsidence.  The  results  of  this 
work  are  given  in  Chapter  II. 

I  may  add  that  the  present  interruption  of  the  work,  at  a  very  in- 
teresting stage  of  progress,  is  unavoidable.  Whether  or  not  the  work 
will  be  resumed  at  an  early  day,  I  cannot  tell ;  I  have  therefore  carried 
it  as  far  as  I  can  without  special  apparatus  for  very  constant  tempera- 
tures. Without  these  facilities  the  nice  discrimination  between  the 
arbitrary  thermal  effects  (convection,  viscosity)  and  what  I  believe  is 
an  important  subsidence  phenomenon  (stratification),  is  not  satisfac- 
torily feasible. 

If  thoroughly  triturated  insoluble  material  (clay,  rock)  is  shaken 
up  with  distilled  water  and  then  allowed  to  subside,  the  solid  particles 
will  descend  gradually  and  at  a  rate  depending  on  their  respective  de- 
grees of  comminution.  Particles  may  readily  be  obtained  so  fine  that 
their  rate  of  subsidence  is  practically  infinite.  These,  therefore,  remain 
suspended  in  the  water  indefinitely,  giving  rise  to  permanent  opalescent 
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tarbidlty.^  In  endeavoring  to  account  for  this  occnrrence  some  of  the 
gentlemen  present  at  the  meeting  were  inclined  to  refer  it  to  a  case  of 
hydration.  The  nltimate  particles  are  supposed  to  combine  with  water, 
forming  colloidal  hydrates  in  a  way  analogous  to  the  known  behavior  of 
silica.  I  accepted  this  hypothesis  in  tbe  above  simple  form  with  great 
hesitation.  It  is,  I  believe,  without  direct  proof,  and  probably  does  not 
admit  of  it;  and  my  original  purpose  in  writing  this  paper  was  so  to  ex- 
hibit the  phenomena  that  I  could  dispense  with  the  auxiliary  chemical 
assumption.  When  viewed  in  the  light  given  by  the  details  of  physical 
experiment  the  hypothesis  is  also  incomplete.  It  does  not  even  account 
for  the  observed  suspension,  inasmuch  as  it  gives  no  sufficitot  reason 
why  hydrated  particles  should  be  more  readily  suspended  than  particles 
which  are  not  so  affected.  At  least,  if  we  regard  the  rate  of  descent  as 
a  function  of  the  dimensions  of  the  subsidin^r  particles,  then  the  chem- 
ical view  assumes  that  the  very  fine  particles  descend  under  conditions 
essentiKlly  different  from  the  coarser  ones — a  complication  for  which  I 
saw  no  real  necessity.  Dust  is  suspended  permanently  in  air  under 
circumstances  where  hydration  is  impossible.  Furthermore,  what  is 
the  efEBct  of  hydration  upon  the  particles  t  Are  they  disintegrated  into 
molecules! — then  the  liquid  should  not  be  turbid,  but  clear.'  Or  is  the 
effiiact  merely  superficial  t — then  fine  and  coarse  particles  present  sur- 
face$  of  like  nature  to  the  liquid  in  which  they  are  suspended:  their  rate 
of  descent,  varying  solely  with  thefrictional  resistance  in  their  progress 
through  the  given  liquid,  must  be  expressible  by  a  general  and  purely 
physical  law  in  terms  of  their  dimensions,  figure,  and  density.  From 
this  law,  moreover,  must  the  efGects  to  be  anticipated  be  deducible  when 
the  particles  are  so  small  as  to  be  comparable  in  size  with  the  molecules 
of  the  liquid. 

The  application  of  this  good  working  hypothesis  showed,  contrary  to 
my  expectations,  that  any  theory  which  is  based  exclusively  on  phys- 
ical causes  is  untenable.*  If^  in  the  case  of  gases,  internal  friction  is 
a  kinetic  phenomenon,  it  is  certainly  no  longer  wholly  so  in  the  case 
of  liquids.  It  appears  from  my  results,  I  think,  that  the  chemical  rela- 
tion of  the  suspended  solid  to  the  liquid  very  materially  influences  the 
frictional  resistance  encountered  by  the  particles.  For  given  pairs  of 
solid  and  liquid,  however,  this  effect  remains  constant;  it  is  thus  seen 
that  the  auxiliary  supposition  of  a  chemical  influence  is  neither  essential 
to  the  physical  explanations  to  be  attempted  nor  incompatible  with 
them,  and  that  the  whole  discussion  may  be  expediently  subdivided  into 
physical  and  chemical  parts. 

1  Professor  Brewer  found  that  even  after  five  or  six  years  this  turbidity  still  eon- 
tinned.  In  stodying  these  phenomena  qaantitatiyely  particles  of  some  oonvenient 
finite  sise  must  of  course  be  dealt  with.  I  shall  use  the  term  *<  descend"  throughout. 
A  particle  which  is  **  stationary  "  has  an  infinite  rate  of  descent. 

'Hydration  or  similar  action  might  have  been  assumed  as  an  immediate  datum  of 
the  theory  of  mass-action. 
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When  a  liquid  is  forced  thi-ongh  capillary  tubes  the  outer  layers 
adhere  to  the  walls  of  the  tubes,  and  the  friction  enoountered  is  that 
between  the  layers  of  the  liquid;  and  hence  this  friction,  or,  in  other 
words,  the  viscosity  of  the  respective  liquids,  is,  ceeteris  paribus,  propor- 
tional to  the  times  of  efSnx  of  given  fixed  quantities.  The  same  fact  is 
observed  in  various  ways — indeed,  wherever  liquids  flow  over  solids. 
But  the  rates  of  descent  of  given  very  fine  solid  particles  suspended 
in  liqaids  bear  no  obvious  relation  to  the  respective  viscosities  of  the 
liquids.  At  least,  so  far  as  the  evidence  fh)m  my  experiments  goes, 
where  unusually  large  ranges  of  viscosity  are  excluded,  this  is  the  un- 
avoidable result.  In  the  earlier  portions  of  the  present  paper  it  will  for 
this  reason  often  be  temporarily  convenient  to  speak  as  though  in  the 
case  of  subsidence  the  solid  particle  itself  actually  falls  through  the 
liquid ;  that  it  is  not  surrounded  by  an  adhering  layer  of  liquid  in  a 
way  to  necessitate  a  descent  of  solid  particle  and  liquid  envelope,  as  a 
system.^ 

It  may  still  be  added  that  the  comminuted  material  is  not  to  be  in- 
troduced into  the  liquid  in  such  a  quantity  that  the  particles  in  their 
descent  would  interfere  with  one  another.  All  remarks,  therefore,  apply 
as  it  were  to  dilute  mixtures. 

Mr.  Durham^  was  the  first  to  make  experiments  on  the  phenomenon 
of  suspension,  and  our  knowledge  of  the  effect  of  precipitants  is  largely 
due  to  him.  Similar  experiments  were  made  at  about  the  same  time  by 
Hunt.^  To  Professor  Brewer's  paper  reference  has  been  made.  I  am 
aware  that  Prof.  0.  B.  Stuntz,  of  Cincinnati,  has  made  similar  experi- 
ments. But  the  general  trend  of  the  researches  of  these  gentlemen  is 
not  such,  I  believe,  as  to  be  intersected  by  my  work.  My  thanks  are 
due  to  Prof.  M.  G.  White,  of  New  Haven,  by  whose  large  experience  in 
microscopic  research  I  have  profited. 

OENEBAL  INFEBE170ES. 

Analogiea, — ^The  problem  immediately  suggests  an  inquiry  into  the 
general  cause  for  the  suspension  of  finely  comminuted  material.  If  a 
solid  particle  is  so  small  that  the  force  of  the  efficient  gravity-compo- 
nent acting  upon  it  is  less  than  the  frictional  resistance  which  would 
be  encountered  during  a  downward  motion  through  the  molecules  ai 
the  liquid,  then  the  particle  must  remain  fixed  in  position  relative  to 
the  walls  of  the  liquid  which  inclose  it.  The  degree  of  comminution 
necessary  for  apparent  suspension  is  readily  obtainable,  even  in  the 

^  In  the  cases  both  of  gases  and  of  liquids  the  friction  (external)  of  the  fluid  on  the 
solid  is  enormously  large  in  comparison  with  the  friction  (internal)  of  the  fluid  on 
itself.  The  external  Ariction  of  gases  is  measurable  only  when  the  gas  is  in  a  state 
of  great  tenuity.  (Kundt  and  Warburg,  Pogg.  Ann.,  CLV,  pp.  337  and  525,  1875.) 
Successful  experiments  on  the  external  friction  of  liquids  were  made  by  Helmholts 
and  Piotrowski.    (Wiener  Sitzungsber.,  XL,  p.  607,  1860.) 

•Durham,  Chem.  News,  XXX,  p.  57,  1874;  ibid.,  XXXVII,  pp.  47,48,1878. 

3 Hunt,  Proo.  Bost.  Soc.  Nat.  Hist,,  p.  302,  Feb.,  1874. 
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case  of  gases.  Maxwell,^  asing  Stokes's  formulffi  and  his  own  value  for 
the  viscosity  of  air,  shows  that  a  drop  of  water  whose  diameter  (O.0Q25 
cm.)  is  about  one-half  that  of  a  human  hair  would  descend  in  air  one 
thousand  times  rarer  than  Itself  at  a  rate  of  only  2  cm.  per  second. 
The  rate  of  descent  of  particles  of  like  figure  and  density  varies  as  the 
square  of  their  linear  dimensions.  It  follows  that  if  we  diminish  the 
diameter  of  the  particle  a  hundred  fold  we  diminish  its  rate  of  descent 
ten  thousand  fold;  hence  a  drop  the  dimensions  of  which  lie  near 
the  limit  of  microscopic  vision*  (say,  0.000025  cm.)  is  practically  sta- 
tionary, its  rate  being  0.0002  cm.  per  second. 

Betuming  from  this  digression  to  water,  which  is  comparatively  so 
much  more  viscous  than  air,  we  find  the  conditions  for  suspension  pro- 
portionately favorable.  We  reasonably  infer  that  the  dimensions  of  the 
particle  which  will  just  descend  are  correspondingly  increased.  We 
conclude  that  the  suspension  of  solid  dust  in  a  fluid  is  to  be  referred 
to  the  occurrence  of  molecular  friction. 

The  physical  variables. — Problems  connected  with  the  motion  of  solids 
in  an  incompressible  fluid  frequently  present  formidable  difBculties  or 
lead  to  involved  results.  But  for  the  comparatively  simple  case  in  hand— 
L  e.,  the  conditions  of  uniform  motion  of  a  small  spherule  of  radios  B 
falling  through  a  liquid  by  its  own  weight — the  final  result  is  forta- 
nately  simple.  Let  P  be  the  resistance  encountered  by  a  spherule  mov- 
ing through  a  liquid  whose  frictional  constant  is  A?  at  a  given  rate  x. 
Then' 

P=6;rftJft» (1) 

on  the  other  band,  the  effective  part  of  the  force  of  gravity  is  expressible 
by 

P^^IP{p^f/)g (2) 

where  P*  is  the  actuating  force,  g  the  acceleration  of  gravity,  and  p  and 
f/  the  densities  of  the  solid  particle  and  the  liquid,  respectively.  Under 
conditions  of  uniform  motion  P  =:  P',  and  hence 

x^^IP{p^fy)g=AIP (3) 

where  il  is  a  constant. 

If  there  be  no  chemical  relation  between  the  solid  and  the  liquid,  then 
the  constants  in  equation  (3),  or  values  proportional  to  them,  are  all  ex- 
perimentally determinable.  The  equation  yields  the  mean  value  of  B. 
If,  however,  the  liquid  acts  chemically  on  the  suspended  solid  (as  would 

*  Theory  of  Heat.    ( Appleton  &  Co. ,  1883,  pp.  299,300.) 

«  Theoretically,  according  to  Helmholtz,  j^jr^v  cm.  and  T»inr  cm.  for  the  ordinary  and 
immersion  syetemB,  respeotiyely.  The  limit  of  visibility,  as  experimentally  fomid  by 
Harting,  is  ^rbir  cm.,  and  by  Dlppel,  j^hsTf  cm.  On  the  other  hand,  strong  coloring 
matter  may  be  dilated  as  much  as  100^000,000  times  (Mnschenbrcsck,  Achard,  Hoff- 
mann) without  fading  beyond  recognition. 

»Kirchhoff(Math.  Physik,  p.  381,  Leipzig,  1876)  deduces  this  equation. 
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be  the  case,  for  instance,  in  hydration),  then  equation  (3)  is  but  a  single 
relation  for  three  unknown  quantities,  %,  £,  p.  We  may  add  that  the 
relation  between  JS,  p,  and  mass  of  particle,  leads  ns  no  fhrther,  since 
we  know  nothing  of  the  change  of  mass  involved. 

Here,  I  think,  we  strike  the  keynote  of  one  of  the  main  difficulties 
which  these  phenomena  present.  Our  assurance  that  the  particle  is 
not  in  some  way  acted  on  by  the  liquid  is  never  perfect,  nor  have  we 
to  guide  us  any  clew  as  to  the  effect  of  ^^  mass-action,"  the  amount  of 
superficial  change,  or  the  depth  of  penetration  pf  water,  for  instance. 
Water  shows  a  striking  selective  power  in  discriminating  between  de- 
grees of  comminution.  At  ordinary  temperatures  the  particles  remain 
granular.  The  impression  received  in  the  case  of  subsidence  in  ether 
is  almost  that  of  particles  falling  in  vacuo ;  barring  flotation,  small 
and  large  particles  seem  to  fall  equally  fwt;  the  precipitate  is  fioccn- 
lent.  Let  water  and  ether  be  mixed,  so  that  there  shall  be  equal  bulks 
of  etherized  water  below  and  aqueous  ether  above,  and  then  let  the 
dust  be  added.  If  now  this  mixture  is  violently  shaken  and  there- 
upon allowed  to  subside,  the  ether  is  washed  dean  of  particles  in  a  few 
minutes,  whereas  the  sediment  remains  suspended  in  the  water  for 
weeks  or  even  months.  Another  experiment,  very  nearly  the  converse 
of  this,  may  be  added.  If  a  turbid  solution  of  shellac  in  alcohol  be 
shaken  with  naphtha,  the  opaque  material  is  washed  out,  gradually 
ascending  to  float  in  the  naphtha  on  the  shellac.  Subsidence  then 
takes  place  in  the  naphtha.  Eventually  the  two  liquids  (naphtha  above 
and  the  clear  alcoholic  solution  of  shellac  below)  are  separated  by  a 
layer  of  compacted  sediment. 

Whatever  the  surface  change  may  be,  it  necessarily  becomes  more  and 
more  effective  in  proportion  as  the  particle  decreases  in  size.  That  the 
radius  of  many  particles  is  smaller  than  the  depth  of  surface  penetration  is 
quite  probable.  And  hence,  in  equation  (3),  p  and  B  must  be  regarded 
as  variable — the  former  very  largely  so;  whereas  h  may  a  priori  be  as- 
sumed as  constant.^  When  liquids  are  forced  through  capillary  tubes 
none  of  these  difficulties  are  encountered,  and  hence  their  observed 
friction  is  the  true  viscosity  of  the  transpiring  liquid. 

STBATIFICATION. 

Analogies. — ^If  very  finely  comminuted  material  be  suspended  in  dis- 
tilled water,  the  subsidence  usually  takes  place  in  such  a  way  that 
while  the  very  slow  descent  of  particles  is  in  progress  the  liquid  pre- 
sents a  stratified  appearance.  A  single  surface  or  plane  of  demarkation 
is  readily  observable,  or  indeed  a  number  of  planes,  oftentimes  sharply 

*•  Unfortunately  mere  variation  of  p  and  B  in  plansible  amoants  for  constant  k  does 
not  satisfactorily  account  for  the  observed  enormous  changes  of  rate.  An  attempt 
to  reconcile  this  discrepancy  is  made  in  the  sequel.  It  is  difficult  to  retain  a  fixed 
Talue  of  k  throughout.  If  the  viscosity  of  water  is  studied  with  particles  of  graded 
size  the  large  corpuscles  may  exhibit  distinct  relations  to  the  viscosity  of  the  liquid, 
such  as  gradually  vanish  when  we  approach  the  extremely  fine  particles. 
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defined.  This  phenomenon  is  qoite  puzzling.  At  first  sight  we  call 
to  mind  that  air  rendered  densely  tnrbid  by  suspended  particles  of 
water  behaves  practically  like  a  distinct  liqnid,  possessing  determi- 
nate hydrostatic  properties.  A  heavy  fog  will  fall  through  pure  air 
and  subside  in  the  valleys.  Fogs  of  less  specific  gravity  than  air  rise 
as  douds.  Hence  it  would  appear  that  in  the  case  of  subsidence  of 
solid  particles  in  liquids  cognizance  must  be  taken  of  two  kinds  of  mo- 
tion :  a  gradual  descent  of  the  whole  mass  of  particles  in  virtue  of 
gravity  in  the  first  place  and  a  rearrangement  of  the  various  parts  of 
the  liquid  in  a  way  consistent  with  their  respective  specific  gravities  in 
the  second.  It  follows  that,  to  allow  the  second  process  or  redistribu- 
tion to  come  fully  into  effect,  the  rate  of  subsidence  must  be  sufficiently 
smalL  Now,  the  experiments  given  below  (p.  27)  seem  to  show  that 
this  is  often  the  case.  If,  for  instance,  we  so  a^ust  the  consistency 
of  the  liquids  in  a  number  of  sedimentation  glasses  that  the  rate  of 
subsidence  increases  from  tube  to  tube  in  some  regular  order — a  con- 
dition of  things  which  we  may  easily  effect  in  a  way  to  be  indicated 
in  the  next  paragraph — we  shall  find  that  surfaces  are  obtainable  only 
when  the  rate  of  subsidence  falls  below  a  certain  value.  After  this  the 
liquid  clarifies  in  such  a  manner  that  surfaces  of  demarkation  are  no- 
where visible,  passing  from  opaque  turbidity  through  translucency  to 
clearness  sooner  at  the  top  than  at  the  bottom  of  the  tube. 

Beacriptiw  equation. — The  serious  objection  to  this  plausible  view  is 
that  it  presupposes  a  degree  of  imperfect  mixture  of  the  parts  of  the 
turbid  liquid  which  at  the  outset  of  the  actual  experiment  is  hardly  met 
with.^  Indeed  I  believe  that  the  occurrence  of  sharply  defined  sur- 
faces singly  is  rather  to  be  regarded  as  the  result  of  accident,  for  the 
particles  with  which  our  experiments  are  most  usually  ccmdueted  (clayey 
material,  tripoli)  have  already  undergone  subsidence  in  nature.  They 
have  passed  through  a  selective  process  which  has  thrown  particles  of 
like  rates  of  subsidence  together.  These  particles  need  not  be  of  a  size ; 
but  their  figures,  dimensions,  densities  must  be  such  as  in  each  case  to 
correspond  to  the  observed  rate.  I  will  suppose,  therefore,  that  in  a 
general  case  of  triturated  material  the  particles  vary  in  size  from  a 
very  small  to  a  relatively  large  value,  bat  that  by  far  the  greater  num- 
ber approach  a  certain  mean  figure  and  dimension. 

There  is  a  distributive  equation  of  frequent  occurrence  in  mathemat- 
ical physics  which  contains  a  characteristic  maximum.  In  the  kinetic 
theory  of  gases  it  expresses  Maxwell's  well  known  law,  and  may  then 
be  reduced  to  the  very  elegant  form 

where  y  is  the  probability  of  occurrence  of  the  molecular  velocity,  a?,  ex- 
pressed in  terms  of  the  most  probable  velocity.    This  law  of  distriba- 

1  See  p.  20. 
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tion  may  advantageously  be  adopted  here,  granting  of  coarse  that  the 
selection  made  is  wholly  empiric.    I  therefore  postulate 

y^^a^er-^    . (4) 

where  y  is  the  probability  of  the  rate  of  subsidence  x  expressed  in  terms 
of  the  most  probable  rate.  Hence  ydx  denotes  the  number  of  particles, 
relative  to  the  total  number,  whoso  velocity  in  terms  of  the  unit  ^  speci- 
fied lies  between  x  and  x  +  dx.  The  maximum  of  equation  (4)  is  well 
adapted  to  illustrate  the  consequences  of  subsidence,  when  the  par- 
ticles vary  in  size  as  much  as  in  an  ordinary  case  of  trituration. 

Suppose  the  turbid  liquid  characterized  by  the  function  y  to  be  in- 
closed between  vertical  parallel  plates,  then  the  degree  of  opacity  ob- 
served on  looking  through  the  trough  in  the  direction  of  a  normally 
impinging  beam  of  light  is  due  partially  to  absorption  and  partially  to 
diffuse  reflection  at  the  surfaces  of  the  particles.  As  regards  their  ef- 
fect on  the  transmitted  beam,  these  two  phenomena  are  here  not  essen- 
tially dissimilar  and  may  be  described  by  a  common  equation.  I  assume 
therefore  the  law  of  absorption 

i  =  to<r-^*     ; (5) 

where  iois  the  original  intensity,  t  the  reduced  intensity  of  transmitted 
light  in  consequence  of  the  thickness  of  turbid  liquid  »?,  through  which 
the  beam  has  passed,  e-^  is  the  coefficient  of  absorption,  with  the  un- 
derstanding that  0  is  to  refer  both  to  the  phenomena  of  absorption  and 
of  reflection;  or,  perhaps  more  logically,  that  i  be  the  sum  of  two  ex- 
pressions each  of  which  has  the  character  of  (5),  one  however  referring 
to  absorption  and  the  other  to  dilBFuse  reflection. 

The  signification  of  this  constant  is  very  clear  in  the  differential  equa- 
tion 

di^—Oiod^j 

and  the  problem  now  reduces  to  a  consideration  of  the  variation  of  0 
consequent  upon  a  change  in  the  number  and  position  of  the  suspended 
particles.  Moreover,  since  0  varies  from  zero  to  infinity  as  the  liquid 
passes  continuously  from  clear  to  opaque,  tlie  constant  0  may  conven- 
iently be  termed  the  opacity  of  the  turbid  liquid. 

The  degree  of  opacity,  dOj  which  ydx  particles  add  to  the  liquid  is 
dependent  on 

ydxi&^TzR^)  and  (ciKE^)  ydx (0) 

where  B  is  the  radius  of  the  particle  whose  rate  of  subsidence  is  a*,  and 
&  aild  c  are  constants.    In  the  expressions  (G),  c'  and  its  coefficient  refer 

*  If  the  unit  of  time  be  1  b.  then  the  uuit  of  length  involved  is  the  distance  passed 
over,  per  second,  "by  the  particle  whose  velocity  is  the  most  probable  velocity.  These 
anits  give  compactness  to  Maxwell's  equation.  To  aeciire  similar  facility  of  ex- 
pression rates  of  subsidence  and  not  radii  of  particles  are  distributed. 
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solely  to  light  absorbed,  c  and  its  coefficient  to  light  reflected  ^^  but  it 
is  u  fact  of  observation  that  all  the  phenomena  under  consideration  ap- 
pear with  equal  clearness  when  the  particles  illuminated  by  a  vertical 
beam  of  light  are  viewed  in  a  horizontal  direction.  Hence  the  first  of 
the  t^rms  within  the  parenthesis  is  made  negligible  in  comparison  >vitli 
the  second.  It  follows,  in  view  of  equations  (3)  and  (4),  that  the  total 
opacity  at  the  inception  of  the  experiment  is 


Oo  = 


IQcy/n    r 


A 


(7) 


From  the  elementary  equations  the  opacity  0  apparent  at  a  depth  d 
after  a  time  t  dated  from  the  moment  at  which  sedimentation  com- 
menced is  deducible.    In  view  of  the  simplifying  condition  of  uniformity 

of  motion,  the  particle,  whose  rate  is  x=     (expressed  in  terms  of  the 

unit  above),  will  just  have  passed  through  the  section.    Hence  the 
residual  opacity  is 


o=8?-^yi 


x^€r**dx 


an  integrable  form  readily  reduced  to 


(8) 


(9) 


Fig.  L— Relation  of  opacity  to  time  of  snbsidenoe  at  different  depths. 

A  clear  view  of  the  character  of  0  is  exhibited  in  Fig.  1,  which  con- 
tains the  second  factor  of  the  second  member  of  equation  (9),  time  (i) 

as  abscissa,  relative  opacity  ^  as  ordinate. 

The  function  0  as  given  by  equation  (9),  taken  conjointly  with  equa- 
tion (5),  reproduces  the  march  of  the  actual  phenomenon  pretty  well,  so 
long  as  very  slow  rates  of  descent  and  particles  very  nearly  alike  in 
size  are  excluded.  The  plane  of  demarkation  has  more  fully  vanished 
in  proportion  as  the  depth  at  which  an  observation  is  made  is  greater. 
An  inspection  of  equation  (9),  moreover,  shows  that  if,  in  place  of  y, 
we  had  selected  a  function  containing  a  more  striking  and  abrupt  max- 

*The  optical  properties  of  a  beam  of  light  reflected  from  particles  small  in  oompar- 
ieon  with  the  wave  length  of  light  are  discussed  l)y  Stokes  (Phil.  Trans.,  p.  530, 1^)- 
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imam^,  the  fanction  0  would  be  characterized  by  steep  declivity  throuprh- 
ont  greater  depths  or  that  the  plane  of  demarkation  would  be  more  per- 
sistent. The  reverse  of  this  takes  place  where  y  is  replaced  by  a  func- 
tion of  flat  maximum.  But  the  important  deduction  is  this,  that  if 
the  rate  of  all  particles  is  increased  in  like  ratio  the  character  of  the 
phenomenon  will  not  be  changed. 

Effect  of  densittf^  of  mixture. — When  the  particles  under  experiment 
are  practically  identical  in  size  and  exceedingly  small,  a  second  phe* 
nomenon  having  an  immediate  bearing  on  clearness  of  stratification 
may  be  discerned.  Indeed  this  new  fact  seems  to  show  that  for  the  cir- 
cumstances under  consideration,  at  least,  it  is  not  permissible  to  treat 
the  particles  individually ;  that  an  analysis  based  upon  the  conditions 
of  motion  of  descending  integrant  systems  of  particles  alone  leads  to 
the'  observed  results.  In  other  words,  in  addition  to  the  size  of  the 
particles  themselves,  the  dimensions  of  the  interstitial  canals  separat- 
ing the  particles  show  pronounced  relations  to  the  rate  of  subsidence. 
I  regard  this  observation  sufficiently  important  to  deserve  special  inves- 
tigation and  discussion,  and  shall  therefore  in  this  paper  only  advert  to 
a  few  pertinent  data. 

Three  test  tubes,  2  cm.  in  diameter  and  15  cm.  long,  were  filled  with 
distilled  water  to  which  very  different  quantities  of  tripoli  had  been 
added.  The  first  of  these,  after  shaking,  was  densely  opaque ;  the  second 
much  less  so;  the  third  only  just  translucent.  After  the  coarser  material 
had  subsided,  the  following  results  were  obtained  with  the  very  fine 
particles,  d  is  the  distance  between  surface  of  liquid  and  surface  of 
demarkation  after  the  lapse  of  time  h  (expressed  in  hours);  d,  therefore, 
is  the  length  of  the  clear  column: 


Bate. 


Very 
opaque. 


Opaque.  I  TranRlti- 
d        I        d 


October  0,1885 

October  13, 1885 

October  15, 1885 

October  18, 1885 

Bate  of  subsidence 
Sediment  deposited . 


284 
331 
385 
408 


mm 
h' 


35, 
50 
60 
05 

0.17 
4 


50 

77 

i)6 

0.28 

1 


The  amount  of  substance  originally  in  suspension  is  fairly  indicated 
by  the  height  of  the  column  of  sediment  after  subsidence  is  complete. 

^  Tho  aotaal  work  usually  leads  to  imperfect  gamma-f unctions  and  involved  results. 
This  is  quite  unnecessary  here,  since  the  essential  points  are  illustrated  with  sufficient 
clearness  by  the  above.  I  may  add  that  it  would  probably  have  been  simpler^  and  at 
the  same  time  more  in  keeping  with  the  point  of  departure  taken  in  Chapter  II,  to 
have  avoided  optical  considerations  altogether — to  hare  simply  defined  turbidity  as 
mass  of  sediment  of  a  given  kind  per  unit  of  volume  of  liquid  and  then  to  have  dia^ 
cussed  turbidity  essentially  in  the  manner  pursued  in  the  text. 

^Measured  by  the  number  of  particles  per  unit  of  volume,^  for  instance^ 
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The  deduction  from  these  prccarsory  experiments  of  immediate  in- 
terest here  is  this:  Since  the  rate  of  descent  decreases  with  the  density 
of  the  mixtare  turbid  liquids  manifest  a  marked  tendency  towanl  main- 
taining their  surfaces  of  demarkation  clearly  defined,  so  long  at  least 
as  the  particles  are  very  nearly  of  a  size  and  descend  very  slowly.  For 
it  is  difficult  to  remove  material  out  of  such  a  surface  without  diluting 
it,  but  in  virtue  of  this  dilution  the  transported  system  again  descends 
at  greater  rates,  finally  to  merge  into  the  surface  out  of  which  it  was 
taken.  Furthermore,  if  within  a  turbid  liquid  there  exist  a  region  of 
low  density,  these  particles  must  subside  at  greater  rates  and  eventually 
merge  into  an  interior  surface. 

Sharp  demarkation. — ^The  presence  of  surfaces  ol^sepai-ation  furnishes 
the  best  available  means  for  the  investigation  of  rates  of  subsidence. 
Wiien  the  experiment  is  made  under  satisfactory  conditions  the  surfaces 
descend  uniformly,and  the  observation  maybe  made  with  some  accuracy 
by  ))rojecting  them  upon  a  scale  read  off  at  a  distance  with  a  telescope. 
I  have  found  it  advantageous  to  place  the  tubes  behind  a  black  screen 
and  illuminate  the  particles  from  above.  The  number  and  position  of 
the  surfaces  is  then  clearly  discernible,  until  the  turbidity  fades  be- 
yond recognition.  With  fine  particles  distinct  surfaces  appear  grada- 
ally  after  two  hundred  hours — for  instance,  in  the  example  discussed  in 
the  last  paragraph.  But  they  appear  more  rapidly  on  second  and  m\h 
sequent  subsidences.  We  infer  a  time-effect  due  to  continued  contact 
with  water. 

An  essential  requisite  for  the  production  of  sharp  stratification  is 
constancy  of  temperature.  When  temperature  fluctuates  convective 
currents  arise  in  the  liquid,  transporting  above  its  normal  level  and 
diluting  some  of  the  finer  material.  This  in  turn  rearranges  itself, 
forming  a  second  (false)  surface,  as  soon  as  the  parts  of  the  liquid  are 
again  at  rest.  Here,  therefore,*is  an  example  of  a  fog  subsiding  in  the 
liquid  in  the  way  explained  in  the  first  part  of  this  section.  But,  sup- 
posing the  order  of  occurrences  reversible,  this  new  surface  would  not 
show  a  depth  <i  =  0  for  ^  =  0,  nor  could  the  old  surface,  after  this  inter- 
ference, be  brought  back  to  d  =  0  for  ^  =  0.  Hence  the  effect  of  convec- 
tion is  virtually  a  change  of  the  coordinates  to  which  0,  d^  and  t  are 
referred.  This  change  is  irregular,  and  may,  therefore,  seriously  confuse 
the  results,  since  the  corrective  effect  due  to  differences  of  density  is  not 
ahvayr,  sufficient,  or  sufficiently  prolonged,  to  annul  this  discrepancy. 
It  increases  with  the  width  of  the  glass;  but  in  very  narrow  tubes  sur- 
faces are  not  discernible  at  all.  The  diameter  2.3  cm.  is  perhaps  a  good 
mean. 

TEMPERATURE. 

Chetnical  effect — The  subsidence  of  fine  earthy  dust  suspended  in  dis- 
tilled water  is  enormously  more  rapid  at  100^  than  at  (P.  This  is  easily 
accounted  for  by  the  hydration  theory,  for  it  is  merely  necessary  to  as- 

(524) 


Digitized  by 


Google 


BARus]  PHYSICAL   VARIABLES.  21 

Kuiue  that  hypotbetical  hydrates,  which  occur  and  are  formed  spontane- 
ously at  ordinary  temperatures,  are  no  longer  possible  at  100°.  When 
we  call  to  mind  the  augmented  thermal  activity  of  the  water  molecule 
at  lOQo  this  explanation  gains  much  in  plausibility. 

Physical  effect. — At  this  stage  of  the  investigation  it  seemed  to  ine 
necessary  to  call  to  mind  that  we  are  frequently  operating  with  particles 
smaller  than  any  physically  measurable  quantity;  with  particles,  in 
other  words,  small  even  in  comparison  with  the  wave  length  of  light 
and  at  once  commensurable  with  molecular  dimensions.  It  behooves 
us,  therefore,  to  inquire  what  the  anticipative  conditions  of  subsidence 
will  be  when  the  dimensions  of  the  particles  decrease  from  some  estima- 
ble mean  value  indefinitely.  Obviously  these  conditions  for  very  small 
particles  include  those  for  larger  particles,  and  the  special  considera- 
tions to  be  made  in  the  former  case  vanish  when  the  dimensions  increase. 
Hence  in  the  sequel  I  shall  interpret  all  results,  with  special  reference 
to  small  particles,  with  the  proviso  that  if  the  degree  of  comminution 
nnder  experiment  be  insufficiently  small  the  considerations  simplify  and 
revert  to  views  which  have  already  been  expressed  for  relatively  coarse 
particles. 

In  the  first  section  I  compared  the  elBEective  weight  of  a  suspended 
jiarticle  with  the  frictional  resistance  of  the  liquid.  It  is  to  be  remem- 
l»ered,  however,  that  the  molecules  of  water  are  in  a  state  of  incessant 
vibration.  The  atoms  oscillate  in  virtue  of  the  internal  molecular 
energy,  and  the  molecule  itself  continually  changes  place  and  position. 
For  very  small  particles;  and  during  very  small  intervals  of  time,  it  is 
evident  that  this  state  of  motion  is  not  compatible  with  absolute  con- 
stancy of  the  frictional  force.  We  rather  infer  that  its  value  varies  within 
relatively  wide  limits,  and  the  early  remarks  in  reference  to  permanent 
opalescence  have  therefore  tacitly  assumed  that  the  times  during  which 
gravity  acts  sensibly  on  any  suspended  particle  are  negligible  in  com- 
parison with  the  times  during  which  its  action  is  without  effect. 

But  even  particles  of  relatively  large  rates  of  descent  in  water  are 
still  quite  invisible  microscopically  (see  page  35).  Their  linear  dimen- 
sions must  therefore  be  estimated  as  considerably  smaller  than  0.00003 
cm.  Hence  it  is  safe  to  accept  0.000005  cm.  as  a  fair  mean  expression 
for  the  diameter  of  the  subsiding  solid  spherules.  On  the  other  hand 
the  distance  between  the  centers  of  two  adjacent  water  molecules  is 
probably  not  smaller  than  0.00000005  cm.,  or  about  one  one-hundredth 
of  the  mean  diameter  of  the  solid  corpuscle^.^    It  follows  that  the  num- 

*  O.  E.  Meyer  (followiDg  Maxwell  and  Van  der  Waals),  Kinct.  Theorie  dcr  Gnsc,  p. 
2*2(3,  Breslau,  1877.  The  value  given  above,  which  is  taken  directly  from  the  kinetic 
tlieory  of  gases,  is  nsually  conceded  to  ho  a  better  estimate  than  the  other  values  de- 
rived by  Thomson,  Maxwell,  and  Lorenz  from  capillary  or  electrical  phenomena.  Cf. 
Am.  Journ.  (2),  L,  pp.  38  and  258 ;  Phil.  Mag.  (4),  XLVJ,  p.  4.53,  1873;  Pogg.  Ann., 
CXL,  p.  644,  1870. 
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ber  of  liquid  molecules  sarronndin^  and  impinging  upon  a  suspended 
particle  of  average  size  varies  between  10,000  and  60,000 ;  that  if,  for 
instance,  the  distance  between  centers  of  two  acyacent  water  molecules 
be  magnified  to  the  diameter  of  a  pea,  the  subsiding  solid  may  be  typi- 
fied by  a  bomb  between  a  foot  and  a  yard  in  diameter.  The  distance 
between  the  centers  of  two  adjacent  molecules  is  not  to  be  confounded, 
however,  with  the  diameters  of  the.molocnles  themselves,  and  a  better 
statement  of  the  mean  conditions  involved  is  that  of  a  fipberical  shell 
0.000005  cm.  in  diameter  and  0.00000005  cm.  thick,  within  which,  say, 
30,000  molecules  are  free  to  oscillate.  This  number  again  decreases 
with  the  square  of  the  linear  dimensions  of  the  particle.  The  number 
of  molecules  producing  the  pressure  in  any  observable  case  of  Boyle's 
law  is  measured  in  trillions.  It  seems  to  me,  therefore,  that  where  we 
are  observing  effects  due  to  particles  whose  dimensions  frequently  fall 
below  these  mean  values  indefinitely,  we  have  to  take  frictioual  forces 
into  consideration,  which,  as  regards  all  feasible  measurements,  are  con- 
stant, but  are  no  longer  so  when  viewed  minutely,  i.  e.,  in  their  varia- 
tion from  the  beginning  of  any  small  interval  of  time  to  the  next  con- 
secutive. It  follows  that  it  is  possible  for  f^uch  a  particle  to  descend  in 
a  liquid  in  virtue  of  the  action  of  gravity  alone,  although  its  weight  is 
below  the  mean  or  ineasurahle  value  of  the  friction  encountered. 

Whatever  the  difference  between  the  greatest  and  least  values  of 
fiictioual  resistance  during  the  unit  of  time  may  bo  (it  is  difficult  to 
form  a  satisfactory  estimate,  since  we  know  but  little  about  the  liquid 
molecule  and  its  rate  and  manner  of  motion  or  the  variation  of  molecu- 
lar forces),  we  may  argue  fairly,  I  think,  that  the  interval  between  the 
limits  in  question  will  increase  with  the  degree  of  molecular  activity 
of  the  liquid.*  The  particles,  under  conditions  of  intense  agitation  of 
the  surrounding  molecules,  are  more  liable  to  be  shaken  through  the 
liquid,  as  it  were  (as  powders  are  shaken  or  jarred  through  a  series  of 
sieves,  to  use  a  common  but  apt  comparison),  than  when  the  molecule 
is  comparatively  quiet.  Hence  any  means  which  may  tend  decidedly 
to  increase  this  molecular  disturbance,  even  though  it  slightly  increase 
viscosity  (as  in  the  case  of  salt  solutions),  may  effect  an  increment  in  the 
rate  of  subsidence.    These  views  are  to  be  examined  with  some  detail. 

The  most  direct  means  of  increasing  the  molecular  agitation  of  a 
liquid  is  temperature.  It  is  to  be  anticipated  that  the  rate  of  subsid- 
ence of  suspended  particles  of  a  given  degree  of  comminution  will  be 
greater  when  the  liquid  is  at  100^,  for  instance,  than  when  it  is  at  or- 
dinary temperatures.    I  made  this  experiment : 

Two  identical  glass  tubes,  closed  at  one  end  and  drawn  to  a  fine 
aperture  at  the  other,  were  half  filled  with  distilled  waW  rendered 

^The  mean  velocity  of  particles  of  air,  at  0^  C,  for  instance,  is  mnch  over  400 
meters  per  second.  The  velocity  of  the  molecules  of  liq  nids  is  not  known,  bat  must 
be  of  like  order. 
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densely  turbid  by  dust  of  white  bolus.  Both  were  kept  at  100°  for 
some  time,  for  the  purpose  of  expelling  air,  then  hermetically  sealed 
with  a  blast  lamp.  The  tubes  measured  about 
0.8  cm.  in  diameter  and  15  cm.  in  length.  One 
of  these  was  left  in  the  room,  without  inter- 
ference, at  ordinary  temperatures;  the  other, 
shalrcu  up  simultaneously  with  the  first,  was 
exposed  to  the  constant  temi)erature  lOQo,  by 
suspending  itiin  a  boiling  point  apparatus,  as 
shown  jn  the  annexed  diagram.^    (FigT-  ^O 

The  following  results  were  obtained :  The 
third  and  fourth  columns  of  Table  1  give  the 
depth  d  (in  millimeters)  of  the  plane  of  de- 
markation  below  the  bottom  of  the  meniscus, 
after  a  lapse  of  time  h  (in  hours)  given  in  the 
second  column. 

Table  1.  —  Suhsidence  at  15°  and  at  10(P  compared. 


First  expei-iment ... 

^^Q^P) 

Second  experiment . 


h      d  ISO.      d  lOOo. 
3 


24 


0  3 

(0. 1)  1. 0 


3 
0.1 


dear 
(2.0) 


After  three  hours  a  diflFerence  in  rate  is 
already  clearly  perceptible.    Within  24  hours 

(experiment  prolonged  overnight)  the  sedi-     ^^•^•~^JPo*™wo^?'^*°^*^^ 
ment  in  the  hot  tube  has  completely  subsided 

in  the  form  of  a  floccnlent  precipitate  somewhat  like  alumina.  The  cold 
tube  is  almost  free  from  precipitate,'*  while  the  surface  of  demarkation 
is  down  only  2  to  3  mm.  below  the  bottom  of  the  meniscus. 

The  rate  of  subsidence  proves,  therefore,  to  be  very  much  greater  at 
lOOo  than  at  15°.  A  result  of  this  general  character  was  to  bo  antici- 
pated, but  the  enormous  difference  of  rate  in  the  two  cases  is  exceed- 
ingly striking.  The  effect  of  the  diminished  viscosity'  at  100^  would  not 
have  sunk  the  dust  in  the  hot  tube  more  than  15mm.  below  the  meniscus. 


•  The  diagram  is  readily  intelligible.  The  direction  of  the  currents  of  steani  is  shown 
by  the  arrows.  The  sedimentation  tnbe  occupies  a  central  position  and  is  thus 
doubly  jacketed  with  steam. 

^  The  large  amount  of  precipitate  in  the  hot  tube  is  good  evidence  in  favor  of  the 
views  on  the  coherence  of  particles,  as  discussed  on  page  37. 

3  The  viscosity  of  water  at  dififerent  temperatures  has  been  measured  by  Poiseuilh*. 
Kosencranz,  and  Slotto.  (See  digest  of  the  latter,  in  the  Ann.  der  Physik,  XX,  p]>.  2oCi, 
267, 1883.)  At  100°  the  viscosity  of  water  is  about  one-sixth  of  its  value  at  zero.  Hut 
the  corresponding  rates  of  subsidence  are  in  a  ratio  which,  although  qualitatively  in 
accordance,  is  qnantitatively  out  of  all  proportion  herewith. 
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I  will  waive  further  discussion  of  this  resnlt  here  in  consequence  of 
quantitative  comparisons  which  I  have  in  view,  comparisons  made  at 
different  temperatures,  varying  between  0^  and  lOOo.  Below  lOCP  we 
experiment  with  solid  particles  of  a  given  mean  size,  descending  or  sub- 
siding in  a  given  liquid  at  determinable  rates.  Regardetl  from  this 
standpoint  the  experiment  is  of  suflQcient  importance  to  demand  careful 
measurements. 

REOIPITANTS. 

Chemical  effect. — Acids,  salts,  alkalies,  indeed  foreign  material  in  gen- 
eral,* when  added  to  distilled  water  permanently  turbid  with  some  finely 
comminuted  insoluble  solid  in  quantities  not  too  largo,  increase  the  rate 
of  subsidence  in  a  marked  degree,  in  numerous  cases  even  many  hun- 
dred fold. 

The  chemical  theory  appears  very  readily  to  suggest  these  phenomena. 
The  addition  of  the  substances  enumerated  interfores  with  or  prevents 
the  formation  of  the  hypothetical  hydrates  ;  but  the  force  of  this  expla- 
nation is  apparently  weakened  when  we  pass  from  purely  qualitative 
to  quantitative  data.  By  reducing  some  of  the  results  below  to  a  molec- 
ular basis,  I  find  that  a  single  molecule  of  acid  or  salt,  in  molecules  of 
water  varying  in  number  from  10,000  to  60,000,  is  sufficient  to  produce 
very  marked  changes  in  the  rate  of  subsidence.  It  is  conceivable 
that  this  amount  of  dissolved  material  may  in  some  instances  be  com- 
mensurable with  the  amount  of  suspended  material,  and  therefore  act 
appreciably  on  it.  In  such  a  case  there  should  be  a  difference  of  rate 
due  to  a  difference  in  the  degree  of  turbidity  of  otherwise  identical  tur- 
bid solutions.  I  have  li\iled  thus  far  to  bring  satisfactory  quantitative 
evidence  to  bear  upbu  this  point.  I  am  pursuing  these  experiments 
with  considerable  care  and  therefore  need  merely  indicate  the  nature 
of  the  difficulties  enco  untered  here.  Instead  of  considering  the  particles 
individually,  as  has  been  done  above  (p.  14),  all  the  particles  in  the 
unit  of  volume  may  be  taken  collectively.  A  yrlorU  the  only  avail- 
able force  is  gravity,  and  we  must  regard  the  weight  of  the  parti- 
cles in  unit  of  volume  to  be  the  measure  of  the  influence  in  virtue  of 
which  water  is  forced  through  the  capillary  interstices  of  the  descend- 
ing system.  The  analysis  shows  that  the  rateof  descent  of  this  system 
must  decrease  rapidly  with  the  number  of  particles  per  unit  of  volume. 
Hence,  the  purely  mechanical  effect  has  the  same  sense  as  the  hypo- 
thetical chemical  effect  to  be  investigated,  and  it  is  therefore  exceed- 
ingly difficult  to  discriminate  between  the  two. 

Physical  effect^On  the  other  hand,  the  examination  into  the  molecu- 
lar conditions  of  subsidence,  commenced  in  the  last  section,  here  sug- 
gests so  many  analogies  that  further  discussion  is  at  once  demanded. 
We  have  reasons  for  inferring  that  in  the  case  of  water,  or  perhaps  any 
other  simple  liquid,  there  is  presented  to  us  a  comi>aratively  quiet  mole- 


^The  definite  organic  couipounds  (alcohols,  ethera)  are  frequently  exceptions. 
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cale ;  by  which  I  meau  that  dissociations  and  recombinations  of  the 
moleeale  H2O,  akin  to  those  premised  by  Williamson^  in  his  views  on 
tho  process  of  etheriflcation,aud  by  Clausius^  in  his  theory  of  electroly- 
sis, are,  at  ordinary  temperatures  at  least,  of  rare  occurrence.  The  elec- 
trical conductivity  of  pure  water*  is  at  mostvonc  ten-billionth  of  that  of 
pure  mercury.  It  needs  but  very  trifling  admixture  of  acid  or  salt  or 
alkali  to  increase  this  minimum  value  enormously.  If  it  be  remembered 
that  as  small  an  addition  as  IS  per  cent,  by  weight  of  hydrochloric  acid 
increases  tho  conductivity  of  water  more  than  a  million  times,  it  may 
easily  be  estimated  how  insignificant  is  the  amount  of  IICl  which  would 
suffice  to  increase  the  conductivity  by  a  fraction  of  itself.  Even  very 
perfect  liquid  insulators^  like  alcoliol  and  turpentine,  when  added  to 
water,  produce  incremental  electrolytic  effects.  Indeed  HCl,  In  the 
pure  state,  is  an  insulator  of  the  Siime  order  as  water.*  According  to 
Glausius,  no  electrolytic  eflect  will  be  produced  by  electromotive  forces 
of  practicable  magnitude,  in  a  space  where  temporary-  dissociation^  does 
not  occur  and  partial  molecules  are  therefore  absent.  Hence  at  ordi- 
nary temperatures  the  solution  of  one  substance  in  another  ("electrolytic 
system")  is  the  essential  condition  of  good  electrolytic  conductivity. 
It  is  on  the  basis  of  these  facts  that  the  assumption  of  a  "  quiet '^  molecule- 
of  water,  in  the  above  sense,  was  made.  The  result  of  mixture  is 
molecular  kinetic  energy  permanently  gained  in  largo  amount. 

Now,  I  believe  that  tbe  dissociations  which  Clausius  and  William- 
son premise  present  a  more  plausible  occurrence  if  tbe  separation  is 
superinduced  by  an  intermediate  substance  of  known  affinity  for  one  or 
the  other  partial  molecule.  If  a  solid  particle  is  introduced  into  an 
electrolytic  system  its  efi'ect  upon  the  meandering  i^artial  molecules 
may  bo  regarded  as  somewhat  similar  to  electromotive  force,  inasmuch 
as  in  a  general  case  diflferent  parts  of  the  suspended  solid  attract  par- 
tial molecules  of  diflferent  kinds.  Furthermore,  in  view  of  the  occur- 
rence of  mass-action,  in  view  of  the  continually  recurring  dissociations 
and  recombinations  between  solid  and  liquid,  I  sec  no  avoidance  of  the 


» Williamson :  Adu.  der  Chem.  und  Phann.,  LXXVII,  p.  37,  1857. 

2 Clausius:  Mech.  WiirnioHioorie,  2d  cd.,  Vol.  II,  p.  155-169,  1871). 

3 Measured  hy  a  number  of  observers,  among  tbem  by  F.  Kohlrauscb,  Pogg.  Ann., 
Erg.  VIII,  p.  1, 187G.    Kolilrausch's  last  valne  is  30x10'^  (Beri.  Sitzb.,  XL,  p.  3, 1884). 

•»Gore:  Proc.  Roy.  Soc.  London,  p.  250,  Vol.  XVII,  1808-1869,  and  others. 

'^According  to  Clausius  tho  substance  (acid,  sail,  alkali,  &c.)  after  solution  may 
be  regarded  as  an  aggregate  of  partial  molecules,  snob  that  opposite  electrical  prop- 
erties, are  equally  represented.  Electromotive  force  produces  a  moving  eflect  when- 
ever the  other  conditions  which  influence  a  partial  molecule  aro  favorable,  i.  e., 
temporarily .  at  a  minimum.  If  any  imaginary  interface  bo  described  between  the 
positive  and  the  negative  electrode,  then  more  positive  than  negative  partial  mole- 
cules will  pass  in  the  direction  from  the  positive  to  the  negative  side  and  more  nega- 
tive than  positive  partial  molecules  in  the  contrary  direction.  Tho  result  is  practi- 
cally this:  During  the  action  of  the  eloctroinotivo  force  a  certain  number  of  positive 
partial  molecules  pass  through  the  interface  in  a  positive  direction  and  the  same 
number  of  negative  partial  molecules  in  the  negative  direction. 
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hypothesis  that  the  surface  of  the  suspended  particle  must,  in  particu- 
lar, be  a  locus  of  violent  molecular  agitation. 

Eeturning  from  this  digression  to  t  he  subject  in  hand,  I  infer  that,  just 
as  in  the  above  instance  a  marked  increment  of  the  rate  of  subsidence 
of  extremely  small  particles  suspended  in  water  was  obtained  in  conse- 
quence of  the  augmented  thermal  energy  of  the  water  molecules  (heat- 
ing to  10(P),  so  must  also  an  analogously  increased  rate  result  at  onli- 
nary  temperatures  from  the  intensified  molecular  agitation  due  to  the 
solution  of  foreign  material  in  water.  I  oflTer  the  following  experiments 
on  this  i)oint: 

Experimental  reawlte.— In  Table  2  the  results  obtained  with  finely  com- 
minuted white  bolus,  red  bolus,  and  trii>oli,  respectively,  each  suspended 
in  distilled  water,  are  given.  Stand-glasses,  about3  cm.  in  diameter  and 
30  cm.  high,  hold  these  mixtures.  The  fourth,  fifth,  and  sixth  columns  of 
the  table  show  the  depth,  <l,  of  the  respective  surface  or  surfaces  of  de- 
markation  below  the  level  of  the  liquids  at  the  times  given  in  the  seoond 
column.  The  surfaces  were  distinct  for  tripoli,  less  so  for  white  bolus, 
washed  in  the  case  of  red  bolus;  d  is  given  in  arbitrary  units  ;^  /iiuhours. 
Where  two  sets  of  figures  are  given,  two  surfaces  were  apparent. 
Table  ^.^ Suhtidtnce  in  disHUed  water. 


Time  of 
day. 

h 

d 

Date. 

White 
bolua. 

Red 
bolaa. 

Tripoli. 

December  24 

12  p.m.. 
12  p.m.. 

2  p.  m . . 
6  p.m.. 
1a.m.. 
0  a.m.. 
8p.m.. 

ls.m.. 

11a.m.. 

2a.m.. 
11  a.  m.. 

1a.m.. 
12m.... 

3  a.m.. 
12m.... 

0 
24 
88 
41 
49 
67 
68 

73 

83 
98 
107 
121 
132 

147 
156 

0 
C 

a 

12 
14 
10 
20 

22 

<30> 
r265 
1325 

rj 

0 
3 
5 
4 
5 
5 
6 

G 
7 
7 
8 
9 
10 

0 

December  25 

28 

December  2G 

58 

December  26 

61 

December  27 

71 

December 27  ... 

81 

December  27 

93 

December  28........ ... 

ClOO 

'     (104 

^158 

^20 

121 

December  28 

December  29 

December  29 

131 

December  80 

140 

December  30 

148 

December  31 

fl56 
J  165 

DecemborSl 

I18O 
^160 

Rate  (-^-.) 

0.28 

0.09 

U70 
1.3 

\A/ 

'  Abont  3  mm.  eikch. 
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If  we  regard  d  as  a  fanction  of  h  we  find  it  linear  in  the  case  of  white 
and  of  red  bolas  and  quadratically  retarded  in  the  ease  of  tripoli,  but 
to  the  latter  &ct  I  would  attach  no  significance.  It  may  be  due  to  the 
unavoidable  fluctuations  of  temperature.^  So  long  as  the  descent  is 
uniform  (d  proportional  to  h)  the  force  acting  on  the  particle  is  nil.  The 
effect  of  gravity  is  ezhansted  in  doing  work  against  the  frictional  resist- 
ance. 

In  Table  3  are  given  the  results  obtained  with  fine  tripoli  suspended 
in  distilled  water  to  which  various  percentages  (by  weight)  of  common 
salt  (NaCl)  have  been  added.  The  precipitation  tubes  in  this  series  of 
experiments  were  3  cm.  in  diameter  and  15  cm.  long.  Values  for  d  are 
given  only  when  planes  of  demarkation  were  observable.  In  other  re- 
spects the  table  is  like  the  preceding  one,  except  that  d  is  here  expressed 
in  millimeters.    Where  two  sets  of  figures  are  given,  two  surfaces  were 

apparent. 

Table  3. —  SuhMeMe  in  $alt  $oluiion$. 


Itaite. 


Time  of 
day. 


*3 

a 

z 


i 

o 

ri 


December  27, 1883  . . 
DeoembOT  27, 1883  .. 

December  27, 1888  . . 

December  28»  1883  . . 

December  28, 1883  . . 

December  20, 1883   . 

December  20, 1883  . . 

December  80, 1888.. 

December  30, 1883  .. 

December  81, 1883  .. 

December  81, 1883  .. 

Bate  (5^)  . 


10  ft.  m. 
2  p.m. 

6  p.m. 

1a.m. 

4  p.m. 

2ft.m. 
12m... 

1  ft.m. 
12m... 

8  A.  m. 
12m... 


0 

4 

8 
15 
30 
40 
50 

74  Ij 
89|{ 

9e\\ 


58 
85 
104 


0 

13 

C  16 

i  30 

45 

87 

128 

Bottom. 


ClJirgely 
)  down. 


I 


I        135 
I  Bottom, 


(20) 


» Sediment  fiUU  rap* 
Idly  In  all  thn 
tnbea ;  rate  not 
obaervablp,  frt>iu 
abnence  of  strati- 
flcation. 


The  experiments  show  that  the  rate  of  sedimentation  increases  rapidly 
with  the  quantity  of  salt  in  solution ;  that  even  small  quantities  of  salt 
produce  very  marked  effects;  d  varies  linearly  with  h.  The  absence 
of  stratification  in  cases  of  greater  rates  of  subsidence  (solutions  1  to  15 
per  cent.)  is  confirmatory  of  the  remarks  made  in  an  earlier  paragraph 
(p.  10)  on  the  rearrangement  of  particles  according  to  the  density  of 
different  parts  of  the  liquid  and  accords  well  with  the  other  views  there 
given.  The  remarkably  accelerated  increase  of  rate  obsen^ed  on  pass- 
ing from  fractional  to  integral  per  cents,  (composition)  is  to  be  noticed. 
^See  p.  20  as  to  convective  cuxrenta  and  the  change  of  coordiDates  resulting. 
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Table  4  gives  the  results  obtaiued  with  red  bolus,  white  bolus,  tripoli, 
talc,  and  bone  ash,  respectively,  all  finely  conuninuted  and  suspended  in 
weak  brine.  The  percentage  of  salt  dissolved  is  sho\7n  at  the  head  of 
each  column.  The  solutions  are  held  in  test  tubes  about  1  cm.  in  ill 
araeter  and  13  cm.  long.  They  were  mixed  in  a  way  to  be  indicated  at 
the  head  of  Table  5.  In  most  cases  surfaces  of  demarkation  were 
either  absent  or  not  clearly  observable;  </,  therefore,  shows  the  depth 
of  tints  or  turbidities  of  like  density  or  degree  below  the  level  of  tlie 
liquid  measured  on  an  arbitrary  scale;  cl,  denotes  clear ;  tr. translucent. 

Table  4. — Suhaidence  in  sail  aolutioHs. 


Date. 


Timo  of 
day. 


January  7, 
January  7, 
January  7, 
January  7, 
January  7, 
January  7, 
Januarys, 
Jftuuary  8, 
January  8, 
January  8, 
January  9, 
Jannary  12, 
January  13, 
Ilato 


1884  . 
1SP4  .. 

l«v>»  . 
1884.. 
18S4.. 
18^4  .- 
1884  .. 
1884.. 
1884.. 
1884.. 

1884. 

1884. 

it) 


2  p.m.. 

3  p.m.. 

5  p.m.. 

6  p.  m . . 

0  p.m.. 
12  p.  ni . . 

3  a.m.. 

11  a.m.. 

7  p.m.. 

12  p.m.. 
10  a.m.. 

1  p.m.. 
3  p.m.. 


Kcd  bolua. 


0 

1 

3 

4 

7 
10 
13 
21 
29 

44 

110  ! 

145 


0 
0 
0 
0 
1 
1 
2 
2 

3 
C 
5 
15 
15 


O.OOl    0.1U'    0.12 


a 

4^ 

'^ 

CO 

o 

c5 

0 

0 

0 

0 

0 

0 

0 

0 

2 

r. 

4 

30 

5 

tr. 

4 

7 

et. 

10 

0 

25 

30 

0.25 

2 

Wliilo  boliiH. 


I 


21 
28 
0.2 


0 

1 

2 

1 

2 

2 

3 

3 

7 
10 

7 
33 
38 

0.3 


1  0 

I  0 

i  0 

I  0 

I  4 

1  20 

'  If. 

I 


I         0  0 

3  ,       4i) 

!      c  !  w. 

'    tr 

i  ^-  i 


el 


0.8 


Date. 


Time  of 
day. 


January  7,  1884.. 
January  7,  1884.. 
January  7,  1884., 
January  7,  1884., 
January  7,  188*., 
J.-^nuaiy  7,  1884., 
Januarys,  1S84., 


Tripoli. 


2  p.m.. 

3  p.m.. 
5  p.m.. I  3 
G  p.  m..  4 
0  p.m.. I    7 

12  p.m..i  10 
3  a.m..|  13 


0  I  0 
1 


Januarys,  1884 ]  11  a. 


21 

Januarys,  1884 |    7  p.m..j  29  12 

January  8. 1P84 12  p.m..'  34  13 

January  9.  1884 |10u.ra..    44  13 

Januaiy  IJ,  U84 1p.m..  119  tr. 

Januarv  U.  18K4   ...   |    3  p.m..  14 J  ..       .. 

ll'M-  ('') 0  4    U.U 


^ 

^ 

B 

A 

a 

c- 

« 

U 

&• 

t^ 

p. 

^ 

t 

^ 

^ 

e* 

"• 

d 

d 

d 

d 

0 

0 

0 

0 

2 

2 

2 

1 

2 

3 

3 

3 

3 

G 

3    '4, 

4 

7 

5. 

0 

7 

12 

7 

14 

8 

14 

10 

30 

8 

IC 

9 

tr. 

i-'4 


el 


tr.    .  cl 


Talc. 


Bono  anh. 


2! 


2i  , 


old       d       o      d 


cl  I  el 


...  I  .. 


o.T  I.: 


I.  Imrifiea  rapidly,  at 
I     rates     increoKin;! 
with  the  qnantity 
of  salt  diatolrnl. 
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The  absence  of  stratification  which  frequently  occurs  for  thin  walled 
tubes  of  small  diameter  I  refer  to  convection  due  to  fluctuations  of 
temperature.  The  results  of  this  t<able  have  a  smaller  claim  to  accu- 
racy.^ The  difference  in  the  rates  of  subsidence  in  case  of  solutions  of 
the  same  percentage  quantity  of  salt  is  probably  wholly  due  to  differ- 
ences of  comminution  in  the  various  cases.  An  accelerated  increase  of 
rate  with  the  strength  of  the  brine  is  again  generally  apparent. 

In  Tables  5  and  6  various  stages  of  subsidence  of  tripoli,  in  solutions 
of  different  chemical  composition,  are  given,  Table  5  showing  the  re- 
sults obtained  with  0.01  per  cent,  solutions,  Table  6  the  results  for  0.05 
l)er  cent,  solutions,  of  the  anhydrous  compounds  HCl,  H2SO4,  CUSO4, 
ZUSO4,  MgSO^,  K[,  NaCl.  In  addition  to  the  mean  rates  the  elec- 
trical conductivities'  of  the  divers  solutions  are  added.  The  tables  are 
readily  intelligible.  The  particles  subsided  in  tubes  3  cm.  in  diam- 
eter and  20  cm.  long.  In  order  to  warrant  the  assumption  that  the  con- 
tents of  the  tubes  are  identical,  except  in  the  respects  mentioned,  the 
following  plan  of  mixture  was  pursued:  One  per  cent,  solutions  of  each 
of  the  substances  enumerated  were  first  prepared,  after  which  1  cubic 
centimeter  and  5  cubic  centimeters  of  each  were  diluted  to  300  cubic; 
centimeters  with  distilled  water  permanently  turbid  with  tripoli.  In 
the  case  of  Table  4  above,  equal  volumes  of  turbid  water  were  added 
to  each  of  the  tubes  and  the  contents  then  diluted  to  the  desired 
amount  with  clear  distilled  water.  This  general  method  gives  assur- 
ance that  both  the  number  and  the  mean  dimensions  of  the  solid  par- 
ticles in  each  cubic  centimeter  of  the  different  solutions  were  originally 
identical — a  condition  of  essential  importance. 

Table  5. — Subndence  in  0.01  |><t  cent,  solutions. 


Date. 


JaniULrye,  1884 

January?,  1884 

Janoary  7, 1884 

Jannary  7, 1884 

JanaaryS,  1884 

January  8, 1884 

January  0, 1884 

Bate(^^) 

Conductivity  (XlO»)  - 


Time 
of  day, 


8p.m. 

0  a.m. 

0  p.m. 
12  p.m. 
12  m... 

7  p.m. 
10  a.m. 


CaS04. !  KI.    NaCl.  HiSOi.    HCl.    HsO. 


25 

30  I 

50  I 
tr. 
1.0  I 


20 

0.3 

G 


20 

0.3 

13 


0  I        0 
tr.    cl.(a) 


(10) 
40 


(100)  ■ 


18 
0.3 


a  Translucent  in  1  hour  and  30  minutes. 


^  Measurements  of  this  kind,  nnless  wo  resort  to  speeial  optical  apparatus,  are  al- 
ways unsatisfactory.  To  the  eye,  however,  the  evidence  famished  by  these  experi- 
ments was  qnito  conclasive.  After  the  expiration  of  a  month  the  tabes  with  red 
bolus,  for  instance,  were  still  distinctly  colored,  the  mean  tint  varying  in  height  and 
in  degree  inyersely  as  the  quantity  of  salt  contained  in  the  liquid. 

'IntermB  of  mercury. 

(533) 


Digitized  by 


Google 


30  SUBSIDENCE  OF  FINE  SOLID  PARTICLES  IN  LIQUIDS.     [BULLJe. 

Table  6,— Subsidence  in  0.05  j^er  cent,  aoluiions. 


Date. 


Time 
of  «la3*. 


Janoaxy  13, 1884 

January  14. 1884 

JanaBry21,  1884 

Rate(??5p) 

CondnctiTity  (XlO*) 


5  p.m. 
10a.ffl. 
5p.m 


0 
17 
182 


CoSOi.  I  KI. 


0 
0l. 


00 

0  5 

12 


NaCl. 


0.5 
26 


HtSOt. 


0 


80 


MgSOi. 


10 


ZdSOi. 


d. 


In  Table  5  surfaces  of  separation  were  apparent  except  in  the  case  of 
HCI  and  HjSOi ;  in  Table  6,  however,  they  were  apparent  only  in  the 
case  of  EI  and  KaGl.  I  avoid  greater  length  of  detail  in  the  present 
data,  since  all  other  desirable  relations  are  sufficiently  indicated  in  the 
earlier  results.* 

Table  7  contains  the  results  obtained  with  tripoli  falling  through  con- 
centrated ether,  absolute  alcohol,  water,  and  glycerine,  respectively. 
Subsidence  takes  place  in  tubes  like  those  described  on  page  23 ;  ft  is  in 
hours,  d  in  millimeters. 

Table  7.— Subsidence  in  divers  liquids* 


• 

Date. 

Time 
of  day. 

h 

d 

Gljoerind. 

Ether. 

Alcobol. 

Water. 

January  21, 1884 

10  p.m. 
2  p.m. 

0.00 
0.08 
0.07 
0.10 
0.13 
0.17 
0.20 
0.25 
a48 

a  75 

1.00 

1.25 

16 

0 

.: 

21 
26 
80 
32 
86 
43 
45 

0 

0 

1 

5 



10 

23 
34 
44 
53 



January  23, 1884 

3 

After  40  days 

• 

c 

After  61  days 

13 

After  180  days 

3 

After  290  days 

U 

After  000  days 

S2 

Katof"*^') 

250 

45 

0.1 

a«3 

^"""V  h  )         

From  these  tables  it  appears  that  the  descent  is  much  more  rapid 
in  ether  than  in  alcohol  and  enormously  more  so  in  these  liquids  than  in 
water.  In  the  case  of  ether  the  rate  of  subsidence  decreases  rapidly*^ 
time  increases;  but  the  tube  is  not  long  enough  for  the  study  of  sedi- 
mentation occurring  at  such  phenomenally  large  rates.  Particles  reach 
their  lowest  positions  and  pack  before  a  normal  rate  is  fully  ohvioa& 

1  The  effeet  of  HNO3  is  aDalogoas  to  that  of  the  other  acids. 
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The  supernatant  liquid  is  clear.  In  case  of  alcohol  and  water  it  remains 
slightly  opalescent.    Surfaces  of  demarkation  are  in  all  cases  sharp. 

Values  for  rate  of  subsidence,  such  as  are  obtainable  from  Table  7, 
cannot  be  immediately  compared.  To  arrive  at  data  of  this  kind,  the 
liquids  (ether,  alcohol,  water)  should  be  examined  when  in  similar  molec- 
ular conditions.  This  would,  for  instance,  be  the  case  when  each  is  at 
its  boiling  point.  Dififereuces  of  rate,  in  these  cases,  will  be  much  less 
pronounced.    (See  Table  1.) 

An  interesting  feature  of  this  experiment  may  be  noticed  here.  After 
subsidence  has  taken  place,  in  the  case  where  about  equal  amounts  of 
tripoli  are  originally  suspended  (the  liquids  being  in  tubes  of  like  cali- 
ber), the  permanent  column^  of  sediment  was  found  to  bo  longest  for 
ether,  shortest  for  water,  of  intermediate  length  for  alcohol:  directly, 
therefore,  as  the  respective  rates  of  subsidence.  But  further  experi- 
ments show  that  this  is  not  always  the  rule.  In  the  following  Tables 
8  and  9  the  results  obtained  by  suspending  1  gram  of  tripoli  in  various 
liquids  are  contained.  I  denotes  the  length  (mm.)  of  a  column  of  sedi- 
ment, of  a  given  diameter  and  weighing  1  gram,  after  complete  subsid- 
ence has  taken  place. 

Table  8,— Bulk  of  sediment  after  suheidence. 


Methyl  1    Ethyl 
alcohol,  j  alcohol. 

Ether. 

Water. 

After  40  days.  I  ■» 

45 

60 

134 

58 

Table  9.— Subsidence  in  divers  liquids— hulk. 


h 

Methyl 
aloohoL 

Ethyl 
alcohol. 

Ether. 

Water. 

Rate  f^^\ 

0.0 
0.7 
LI 
2.7 
12.7 
28.7 
46.7 

0 
34 
88 
44 

48 
49 

0 
21 
38 
55 
67 

70 

49  1             7^ 

70 
55 

40 
59 

After  21  days,  {» 

118 

49 

Methyl  alcohol  shows  an  exceptional  value.  In  all  cases  the  rate  ma- 
terially decreases  as  time  increases  and  finally  reaches  zero  asymptot- 
ically. As  the  particles  descend  they  interfere  with  one  another,  and 
this  in  proportion  as  the  quantity  of  sediment  in  the  unit  of  volume  in- 
creases. The  friction  of  particles  on  themselves  complicates  the  phe- 
nomena^ and  is  without  interest  in  the  piresent  discussion. 

^  Balk  here  varies  linearly  with  length. 

'  ''Packing"  is  probably  due  to  slow  descent  of  smaller  particles  between  the  inter- 
stices of  the  larger,  on  the  honr-glass  principle,  until  the  equilibrium  of  position  of 
larger  masses  or  corpascles  is  undermined. 
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A  final  exbibit  of  the  divers  rates  of  sedimeutatiou  eucountered  iu 

the  above  tables,  reduced  to  ^^  aud  to  - '*  is  desirable. 

h  sec 

Table  10. —  Rates  of  subsidence— final  digesi. 
1.  Subsidence  in  distilled  water,  1S<3  and  100°,  regpeetively —bolus. 


15<3 


mm 
h 


0.1 
0.1 


o 

lOOo 

mm            cm ,_ 
7*         ,     »ei^^ 

•  3 
3 

1.0                    30 
2.0                    CO 

2.  Subtidcnee  in  diitilUd  xoater. 


White  bole. 


mm 
h 


-10« 


0.6  , 


20 


ReU  bolo.             1 

Tripoli. 

mm             ^"^  iftB 
h              tec  ^^ 

T  i  :> 

0.2                     6 

'■\ 

0. 1  per  cent. 


mm . 
"A 


10« 


3.  Sxihtidence  in  weak  brine— tripoli. 


0. 2  per  cent. 


mm         cm . 


30 ; 


.10* 


60 


0. 5  per  cent. 

1  per  cent. 

1    mm 
'  h 

C" 

wim          em     . 
4           .«  '«• 

3 

» 

(20)            (60*) 

4/  Subsidence  in  weak  brine—bole,  tripoli,  tale. 


KedboluB... 
White  bolus 

Tripoli 

Talc 


0. 05  per  cent. 


mm        cm 


^^10« 

6 

1.5 
30 
150 


0. 1  per  cent 


mm  '     C7n 


0.2  [ 
0.7  I 
1.5  I 


.10« 

7 
20 
45 
150 


0.2  per  cent.  0.4  percent.     |     0.8  per  cent. 

I  \  !         ~ 

mm  1      cm 


h 

10« 

0.3 

9 

2.0 

60 

1.8 

5t 

7 

210 

sec 


0.6 
5      i 
3.7  , 


ir 

*' 

18 

•1 

150 

13 

lip 

5 

240 

10 

aee 


1.70 
150 

aw 


CUSO4 


5.  Subiidcnce  in  0.01  per  cent,  solutione  of  divert  tubttancct- tripoli. 
!  KI  j  XaCl  I  HaSOj 


mm        cm^^      mm  1     cm ,  _    '  mm 
-IT      tec^^    '      A'     tcc^"^'    I      h 


1.0 


30  I    0.3  i 


I  , 


nci 


I 


HK) 


■*.cl^    I      h- 


9  I    (10)1      (.300)       :  (100)        (3000)      I    0.3 

I  I         '  I  1  1 
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Table  10. — Sates  of  Bubsidence^  final  (fi|/e«t  — Coutinacd. 
G.  Subsidence  in  0. 05  per  cent,  tolutumt  of  dioert  tubttaneei^tripoli. 


CUSO4 


KI 


I 


NaCl 


n>so4 


HkSO« 


ZnS04 


mm 
A 


cm         I  mm  ,     cm  mm 

7eT^^    .—fTl    -•M^O*    \-k- 


0.9 


1.5 


0.6 


em  ^    '  mnh 


1.5, 


I     A 


7.  Subtidenee  in  divert  liquidt-tnpoli. 

Ethor. 

Alcohol. 

Wator. 

Glycerine. 

mm 
h 

"""lO* 

mm 
h 

-^10« 

mm 
0.1 

mm 

250 

7500 

45 

1300 

3 

0.02'          o.e 

0.  i9i«6«id<me0  in  divert  liquUt-tHpali. 

Methyl  alcohol.                     Alcohol. 

mm 
A 

"*7c^^    1        "A" 

70 

2000  i                40 

1 

1200 

Facilities  for  obtaining  absolutely  constant  temperatures  would  have 
much  improved  these  crude  results ;  but  they  arc  the  best  available 
under  the  circumstances.  I  may  add  that  the  sedimentation  effect  of 
the  addition  of  ether  and  of  alcohol  to  distilled  water  seems  to  be  a 
decided  retardation  of  rate,^  and  that  the  rate  is  not  independent  of 
the  amount  of  sediment  in  suspension  but  decreases  with  the  turbidity  of 
the  mixture.  Hence  even  in  the  above  experiments  different  rates  occur 
in  different  series  of  experiments  for  this  reason  alone ;  but  to  these  re- 
sults I  attach  crucial  importance,  and  shall  therefore  treat  them  specially 
in  another  paper. 

DISCUSSION. 

Mechanical  relations, — In  the  equation  by  which  I  endeavored  to 
describe  the  appearance  of  the  tube  at  different  times  (p.  18),  it  was  con- 
venient to  express  depth,  d,  in  terms  of  the  distance  traveled  per  second 
by  a  particle  whose  rate,  cJ,  is  the  most  probable  rate.    If  D  be  the  actual 

depth  in  centimeters,  then  d  =  ^ ;  and  hence  equation  (9)  takes  the  form 


0  = 


Inasmuch  as  6  and  t  enter  this  equation  symmetrically  it  is  evident 
at  once  that  if  the  rate  of  all  particles  be  increased  w-fold  the  column 


^It  is  well  to  desiccate  the  particles  inteDded  for  ^ubsii^nce  {q  elisor* 
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of  turbid  liquid  will  preseut  a  givcu  appearance  or  stage  of  subsidence 
in-  of  the  original  time;  the  character  of  the  phenomenon  is  not  essen- 
tially cbauged.  If,  however,  the  iucrease  of  velocities  is  produced  by 
solution  of  precipitants,  we  find  experimentally  that  the  column  which 
l)resent8  surfaces  of  demarkatiou  for  the  class  of  very  weak  solutions 
clarifies  without  exhibiting  this  characteristic  ieature  during  any  stagi* 
of  subsidence  for  the  class  of  stronger  solutions,  and,  furthermore,  that 
the  transition  from  stratified  subsidence  to  unstratified  subsidence  is 
apparently  abrupt.  I  iufer  that  in  the  case  of  subsidence  superinduced 
by  precipitants  the  equation  for  the  original  distribution  of  rates, 
y  =  /(x),  is  radically  changed,  and  this  iu  proportion  as  the  amount  of 
precipitant  dissolved  is  greater.  Furthermore,  that  this  change  is 
equivalent  to  a  flattening  of  the  maximum  in  the  direction  of  greater 
rates;  or  that  the  difference  of  rate  between  consecutive  particles  is 
largely  incremented,  although  not  in  uuiform  measure  for  all  the  parti- 
cles. Again,  surfaces  of  demarkatiou  remain  distinct  until  the  (lon^) 
column  as  a  whole  fades  beyond  recognition.  This  is  the  essential 
difference  between  subsidence  of  fine  particles  in  water,  as  actually  ob- 
served, and  simple  viscous  subsidence  as  described  by  equation  (9),  for 
instance. 

If  we  accept  Slotte's^  value  for  the  viscosity  of  water  at  2(P,  Jc  = 
O.OIOI  {g  cm-^  sec"^),  Poiseuille's^  value  for  the  viscosity  of  ether,  0.3  k\ 
and  Graham's^  values  for  the  viscosity  of  methyl  alcohol  and  of  ethyl 
alcohol,  0.63  k  and  1.20  A:,  respectively ;  if,  furthermore,  we  assume  as  tli« 
density  of  the  subsiding  substance  (quartz,  clay)  the  value  p  =  2.5 
whence  p' — p  =  1.5  in  round  numbers;  if,  finally, /7  =  980  (cm.  sec-*), 
then  Table  10  (7  and  9)  supplies  the  remaining  data  a  (cm.  sec-*)  for 
estimating  the  mean  linear  dimensions  of  the  subsiding  particlCxS.  Wo 
obtain 

Centimotcrs. 

Water ie  =  0.00OOl 

Ethyl  alcohol i2==0.00O19 

Methyl  alcohol A*  =  0. 00020 

Ether i?  =  0.0OO24 

These  results  point  out  in  a  striking  way  the  essential  difference  Uo* 
tween  subsidence  in  distilled  water  and  subsidence  in  liquids  (alcohols, 
ethers)  whose  affinities  for  silica  and  silicates  are  demonstrably  feeblo. 
The  value  of  R  is  smallest  in  the  case  of  water ;  certainly  too  large  in 
the  case  of  the  remaining  liquids.  The  dimensions  found  arc  therefore 
just  in  the  inverse  order  of  the  values,  which  hydration  would  compel 
us  to  infer.  The  discrepancy  is  due  in  part  to  the  value  of  density- 
entering  into  the  arguments;  but  the  largo  error  is  more  simply  ejc- 

iSlotte,  Wied.  Add.,  XX,  p.  202,  1883. 

'Poiseuille,  Ann.  do  Chim.  ob  do  Pbys.  (3),  VII,  p.  50,  1843;  ibid.,  p.  76,  1817. 
^Graham,  PhU.  Mag.  (4),  XXIV,  p.  238,  1861. 
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l)lained  by  the  fact  that  in  the  two  classes  of  experiment,  even  though 
made  upon  the  same  material,  we  have  different  particles  nud^v  observa- 
tion. I  have  adverted  to  the  coagulated  appearance  of  the  sediment 
when  submerged  in  ether  or  in  alcohol.  The  particles  cohere  closely, 
and  the  coarser  material  sweeps  the  liuer  material  down,  particularly  in 
the  Ccise  of  dnnse  mixtures;  hence  the  poor  selective  power,  th(3  bulky 
sediment,  and  hence  we  fail  to  arrive  at  values  for  the  rates  of  subsid- 
ence of  the  thoroughly  comminuted  dust  at  all.  In  the  tripoli  einployiHl 
I  indeed  measured  particles  microscopically^  as  Large  as  0.00005  centi- 
meter to  0.0007  centimeter,  but  these  are  at  once  ejected  by  water  as 
well  as  by  ether,  are  found  at  the  bottom  before  the  surface  of  deinarka- 
tion  has  fallen  0.05  centimeter,  raid  have  no  bearing  on  the  phenome- 
non in  hand. 

Electrical  relations. — If  wo  compare  the  results  for  rate  of  precipita- 
tion taken  from  Tables  5  and  G,  or  from  Table  10,  with  the  known  values 
of  electrical  conductivity  of  the  respective  solutions,  we  fail  to  find  any 
detailed  similarity  in  the  two  sets  of  data.  In  a  general  way,  perhaps, 
the  strong  mineral  acids  show  marked  power  to  increase  both  rate  of  sub- 
sidence and  electrical  conductivity.  But  the  salts  of  copper,  of  magne- 
sium, and  of  zinc  increase  the  rate  of  precipitation  to  a  much  larger  de- 
gree than  can  be  inferred  from  their  electrical  constants.  Much  of  the 
discordance  is  no  doubt  to  be  referred  to  the  coarseness  even  of  the  be^t 
available  methods  for  measuring  rates  of  subsidence.  Chemical  ailinity 
produces  a  distortion ;  in  the  case  of  acids,  for  instance,  effecting  actual 
solution  of  particles  of  extreme  fineness.  But  with  due  allowance  for 
all  these  sources  of  error,  I  feel  convinced  that  more  elaborate  experi- 
ments  will  not  substantially  change  the  results.  liegarding  this  ques- 
tion from  a  theoretical  point  of  view,  greater  accordance  of  results  than 
has  here  been  obtained  is  not  at  all  to  be  anticipated.  The  electrical 
conductivity  in  case  of  dilute  solutions  is  dependent  on  the  friction 
against  which  the  ion  moves  in  its  passage  through  water — a  quantity 
which  has  not  an  immediate  bearing  on  the  subsidence  of  a  small  solid 
particle. 

Precipitation  increases  in  a  marked  degree  with  the  amount  of  salt 
of  a  given  kind  in  t^olution.  This  is  equally  true  of  electrical  conduc- 
tivity. Nevertheless,  here  again  there  is  probably  not  perfect  parallel- 
ism in  the  march  of  the  two  phenomeuci.    The  increase  of  conductivity 

^Tbo  diffraction  method  applies, of  course,  ODly  to  mneb  larger  particles;  ut  least 
the  exceptionally  large  corpuscles  which  are  jiist  within  reach  of  violet  light  full 
too  rapidly  for  uniformity  of  distribution.  In  connection  with  the  values  of  li  it  is 
interesting  to  note  that  the  dimensions  of  the  vesicles  of  mist  in  the  air  as  obtained 
by  Fraunhofer,  (Schumacbcr,  Astr.  Nachr.,  Ill,  ]>.  62)  and  later  by  Kaemtz  (Meteor- 
ologic,  III,  p.  Ill,  Mousson,  Phys.,  II,  1W*2),  arc  0.0017  centimeter  and  0.0033  ccuti- 
iiicter,  respectively,  the  numbers  varying  with  climatic  conditions.  It  is  well  known 
that  lycopodium  spores  (0.003  centimeter)  and  Bowista  spores  (0.0004  centimeter) 
come  nicely  within  the  range  of  the  diffraction  method. 
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for  sach  (small)  quantities  of  dissolved  salt  as  are  euamerated  in  the 
tables  is  regalar  and  uniform.  Tiie  rate  of  subsidence  appears  to  in- 
crease very  slowly,  almost  imperceptibly  at  first,  until  a  certain  amdant 
of  solid  is  dissolved ;  further  additions  are  accompanied  by  rapid  accel- 
eration in  the  rates  of  subsidence.  But  this  inference  is  liable  to  error, 
inasmuch  as  at  the  critical  stage  in  question,  surfaces  of  demarkation 
are  no  longer  available. 

My  results  on  the  relation  of  conductivity  and  sedimentation,  when 
considered  in  the  aggregate,  may  therefore  be  summarized  thus :  A  sim- 
ilarity between  corresponding  data  for  clcctricjil  conductivity  and  rate 
of  subsidence  is  roughly  apparent  when  the  change  of  internal  energy 
of  water  is  produced  either  by  heat  alone  or  by  solution  of  different 
quantities  of  one  and  the  same  salt.  Between  the  values  of  these  vari- 
ables obtained  by  dissolving  different  salts  no  relation  is  observable, 
except  perhaps  of  a  very  general  kind.  In  tbe  case  where  precipita- 
tion takes  place  in  different  simple  liquids  (water,  alcohol,  ether)  tbe 
respective  rates  differ  enormously  from  the  values  which  the  conduc- 
tivity of  these  subs^tances  would  lead  us  to  infer.^ 

In  view  of  the  fact  that  the  degree  of  comminution  of  the  particles 
under  consideration  is  much  smaller  than  the  limit  of  microscopic  visi- 
bility it  is  permissible  to  make  this  inference:  The  frictional  resistance 
experienced  by  the  solid  particle  in  its  passage  through  the  liquid,  al- 
though apparently  constant,  is  no  longer  so  when  regarded  with  refer- 
ence to  its  value  during  a  number  of  consecutive  indefinitely  small  times. 
If,  furthermore,  we  admit  that  the  limits  within  which  this  frictional 
force  is  comprehended  increase  with  the  degree  of  molecular  agitation 
of  the  liquid,  then  the  analogy  between  the  phenomenon  of  electrical 
conductivity,  as  explained  by  Olansius,  and  the  phenomenon  of  subsid- 
ence of  extremely  fine  particles  in  liquids  is  very  nearly  complete :  in 
one  case  the  ion  is  sensibly  acted  on  by  an  electromotive  force  during 
the  times  wlien  it  is  relatively  in  a  state  of  freedom  as  regards  the  pow- 
erful chemical  attraction  of  surrounding  molecules ;  in  the  other,  the 
tendency  of  gravity  to  urge  the  particle  downward  produces  an  effect 
when  its  weight  is  temporarily  greater  than  the  variable  friction  en- 
countered during  its  motion  through  agitated  molecules.  The  ultimate 
result  in  the  electrical  experiment  is  the  appearance  of  free  ions  at  tlie 
electrodes;  in  the  other  experiment  a  sediment  collects  at  the  bottom 
of  the  tube. 

Particles  of  larger  dimensioHS. — I  will  introduce  this  paragraph  by 
the  following  random  selection  from  a  large  number  of  data.    The  tabic 


>  Remarks  of  an  analogous  kiud  are  made  by  those  who  have  endeavored  to  express 
the  electrical  conductivity,  k,  in  terms  of  the  quantity,  p,  of  salt  dissolved  and  tbu 
viscosity,  17,  of  the  solution.    Grotriau  (Pogg.  Ann.,  CLVII,  p.  250, 1876)  obtains  gooil 

agreement  (at  18°  and  15°,  respectively)  by  using  tho  formula  k=^o  i^,  where  c  ftsd 

n  are  constants. 
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contains  a  comparison  of  tbe  rates  of  sabsidence  in  brine  of  0  per  cent., 
0.5  per  cent.,  and  1  per  cent,  strength,  respectively,  when  in  one  case 
the  original  mixtures  are  densely  tarbid  and  opaqne,  in  the  other  only 
jnst  opaqne  fading  into  translucent ;  tubes,  3  cm.  in  diameter  and  20  cm. 
Ion/;.  In  both  sets  of  experiments  I  observe  three  difterent  degrees  of 
turbidity,  in  which  the  suspended  material  varies  as  4:  2: 1  for  each  of 
the  stated  percentages  of  salt  solution,  o.  denotes  opaqne,  tr.  translu- 
cent, ol.  clear,  as  above.  The  depth  of  the  opaque  stratum  is  determined 
by  noting  the  point  of  the  tube  at  which  a  beam  of  the  light  of  the  sky 
reflected  from  a  distant  plane  mirror  and  passing  through  the  tube  is 
extinguished.  Depth  is  always  given  in  millimeters  below  the  menis- 
cus as  a  datum ;  time,  in  hours  (h). 

Tablk  11. —  Suhsidtnce  of  opaque  and  of  translucent  mixtures  in  hrine. 


Date. 

1 
h     j 

Strongtb  of  brine  — 

1 
KaCI,  0  per  cent 

NaCI,  0.5  per  cent 

KaCl,  1  per  cent. 

Relative  turbidity = 

4 

2 

0. 
0. 
0. 

25 

0. 

AA 

1 

4 

2 

1 

0. 

tr. 
d. 

1          1 

4     1     2     1     1 

Oct  8, 1885 . . . 
Oct4,]8K>... 

0 
5.3 
21 
C9 

.    Dennely  opaqne 
mixtaren. 

1 

0. 
0. 

0. 

0. 

^\ 

0. 

Mtn 

o. 
ir. 

el. 

0. 

tr. 
eL 

0. 

el. 

el.   1    el. 

Oct  0, 1885  . . . 

« 

' 

Particles  faU  in  the  ratio  of  turbidity 
and  concentration.  le;ivinj;  a  filmy 
opalescence     behind ;     sediment 
bnlky  and  floccnlent,  collects  at 
the  same  rate.    Precipitation   ia 
complete  in  fractions  of  an  hour. 

Detuarkation  in- 
distinct 

Oct  1,1885... 

0 

,  Dilute  semi-traDS- 
laoent  mlxtura. 

0.            0, 

0. 

0.      1       0. 

0.     1     0. 

0.            0. 

Oct  3,1885..       38  1 

1 

I 

No  demarlcation.    Tnbea  approach  translnceucy  in  the 
exact  order  of  concentration   and  tiirl/idity,  being 
turbid  atlll,  altbouirh    I   per  cent   is  nearly  clear. 
Kfftict  of  quantity  of  8aU  not  very  readily  obvious. 

Oct  4, 1885... 

[ 
48 

G3 

<  tr. 
)el. 

\el        el 
1  cl        el 

This  table  reproduces  an  exceedingly  striking  observation  in  an  un- 
avoidably coarse  and  imperfect  way.  The  action  of  the  precipitant  is 
marked  and  instantaneous  when  the  solutions  are  densely  turbid,  I  may 
add,  in  such  a  way  as  to  contain  relatively  large  corpuscles  in  suspen- 
sion. When  the  turbidity  is  slight  and  the  particles  are  fine,  the  tend- 
ency of  salts  to  produce  precipitation,  however  pronounced,  is  no  longer 
quite  so  obvious. 

Many  of  the  particles  here  subsiding  are  probably  too  large  to  fall 
within  the  scope  of  the  hypothesis  enunciated  in  the  preceding  para- 
graph. But  causes  for  the  observed  coherence  of  particles,  the  bulky 
and  flocculent  precipitates  and  the  rapid  subsidence  seem  to  me  not  far 
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to  seek.  The  view  which  I  advance  provisionally  is  based  on  a  principle 
similar  to  that  by  which  Lesage,  of  Geneva,  endeavored  to  explain  the 
mechanism  of  gravitation.  Suppose  for  a  moment  that  the  imrticles 
are  without  weight.  If  we  regard  any  one  of  them  individually,  the 
effect  of  the  molecular  agitation  would  in  general  be  nil  so  far  as  motion 
of  the  particle  is  concerned,  inasmuch  as  this  action  is  symmetrically 
distributed  over  the  whole  surface.  If,  however,  there  be  given  two  par- 
ticles, and  if  these  be  placed  in  sufficient  proximity,  then  this  symmetry 
of  action  is  destroyed;  the  two  particles  will  mutually  screen  or  shield 
each  other  from  impact  on  the  parts  of  their  surfaces  which  face  each 
other,  whereas  the  external  parts  of  the  surfaces  are  left  exposed  in  falL 
The  result  is  a  force  tending  to  move  the  particles  together  in  a  line 
joining  their  centers.  In  some  such  way,  I  believe,  the  larger  particles 
in  the  presence  of  precipitants,  or  at  higher  temperatures  (i.  e.,  under 
conditions  of  intensified  molecular  disturbance  at  the  surfaces  of  the 
particles),  attract  the  finer  particles,  sweeping  the  greater  number  of 
them  to  the  bottom  of  the  tube  at  relatively  large  rates. 

Subsidence  and  viscosity, — In  this  place  the  results  in  Tables  7  and 
9,  referring  to  ether,  alcohol,  and  water,  throw  new  light  on  the  dis- 
cussion. For  the  viscosities  of  these  substances  Poiseuille^  found  the 
relative  data  0.3,  2.2, 1,  respectively — where,  however,  the  alcohol  is 
not  absolute,  but  an  SCK'  (alcoholometer)  spirit.  Graham'  finds  the  vis- 
cosities of  water  and  alcohol  in  the  ratio  of  1  to  1.2.  These  values  are 
proportional  to  the  times  occupied  by  the  liquids  in  passing  through 
identical  capillary  tlibes  under  identical  circumstances  (transpiration). 
Now  it  would  appear  that  in  the  case  of  subsidence  we  have  quite  an 
analogous  experiment.  In  the  first  instance,  a  fine  thread  of  liquid 
moves  through  a  fixed  solid ;  in  the  second,  a  flue  particle  of  solid 
moves  through  a  stationary  liquid.  In  both  cases  the  two  substances 
move  relatively  to  each  other  under  conditions  by  which  eddies  «ire  ex- 
cluded, and  the  whole  kinetic  energy  is  at  once  converted  into  mo- 
lecular kinetic  energy  or  heat.  Table  7,  however,  in  connection  with 
the  results  of  Poiseuille  and  of  Graham,  shows  conclusively  that  a  rela- 
tion between  the  rates  of  subsidence  and  the  rates  of  tran8t)inition  is  by 
no  means  apparent.  The  necessary  inference  is  either  that  the  frictions 
encountered  in  the  two  cases  are  radically  different,  or  that  the  dimen- 
sions and  the  density  of  the  particles  change  with  the  pioiiertiesof  the 
liquid  in  which  they  are  snlmierged,  or  both.  Above  (p.  15)  I  accepted 
the  last  as  the  most  probable  conclusion ;  but  it  is  nevertheless  difficult 
and  unsatisfactory  to  endeavor  to  make  allowance  for  the  observed  enor 
mous  variations  of  rate  of  subsidence  by  simple  variations  of  density 
and  dimensions  of  the  subsiding  particles.  These  remarks  are  further 
exemplified  by  the  results  o\>tained  with  saline  solutions. 

» Poiseuille,  Ann.  do  Chim.  ct  do  Phys.  (3),  XXI,  p.  104,  1847. 
'Graham,  Phil. Mag.  (4),  XXIV,  p. 239, 1862. 
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The  effect  of  the  solutiou  of  the  salts  OuSO*,  Mg804,  ZnS04,  NaCl, 
and  of  the  acids  HCl,  H2,S04  iu  water,  at  ordinary  temperatures, 
is  an  increase  of  the  viscosity  of  the  liquid  nearly  proportional  (where, 
as  in  the  above  tables,  only  fractions  of  a  per  cent,  are  dissolved)  to  the 
quantity  of  salt  or  acid  in  solution.* 

There  are  some  salts,*  notably  among  them  KI,  the  viscosity  of  whoso 
weak  solutions  at  low  temperatures  is  less  than  the  viscosity  of 
water.  But  the  value  of  the  decrement  produced  by  addition  of 
quantities  as  small  as  0. 1  per  cent,  is  in  no  case  phenomenal  or  even 
large.  Table  G,  moreover,  shows  no  marked  diflferenco  between  the  re- 
spective rates  of  subsidence  in  solutions  of  KI  and  of  NaCl,  whereas 
in  the  first  instance  the  viscosity  of  water  has  been  increased,  in  the 
second  diminished,  by  the  solution  of  like  quantities  of  the  two  salts. 
To  me  it  appears  impossible  that  additions  of  small  fractions  of  a  per 
cent,  of  acid  or  of  salt  to  water  should  be  able  to  affect  the  mean  or 
measurable  viscosity  of  this  liquid  iu  any  marked  degree;  certainly 
not  to  such  an -extent  as  increases  the  rate  of  subsidence  even  many 
hundred  fold.^ 

CONCLUSION. 

In  the  above  pages  I  have  endeavored  to  throw  light  on  the  phe- 
nomenon of  subsidence  from  three  pointsof  view.  I  adverted  in  the  first 
place  to  the  mechanical  conditions  of  subsidence,  i.  e.,  to  tbe  dependence 
of  rate  of  descent  upon  the  figure  and  physical  constants  of  a  single  par- 
ticle or  upon  the  constants  of  a  stated  group  of  particles.  I  then 
attempted  to  point  out  certain  po'ssible  analogies  in  the  sedimen- 
tation of  very  fine  material  with  Ciausius's  interpretation  of  electro- 
lysis— to  find  some  expression  for  the  dependence  of  subsidence  on  the 
molecular  conditions  of  the  liquid.  Finally-,  I  called  to  mind  the  prob- 
ability of  certain  permanent  chemical  effects  of  the  liquid  on  the  sub- 
siding solid.  The  last  of  these  subjects  of  inquiry  is  more  nearly  open 
to  investigation,  independently  of  the  others,  than  eitber  the  first  or 
second.    This,  therefore,  seems  to  bo  the  proper  point  of  departure  for 


^  The  literatare  of  tho  viscosity  of  liquids  sinco  the  origiual  memoirs  of  Girard 
(M^m.  do  FAcad.  Roy.  do  Plnst.  do  France,  1816)  and  by  Poiseuilie  (Ann.  de  Chim. 
et  de  Phys.  (3),  VII,  p.  50,  1843;  ibid.,  p.  7G,  1847}  has  been  steadily  increasing, 
though  the  more  important  additions  arc  of  recent  date.  The  reader  desiring 
further  information  isd^eferred  to  the  papers  of  Sprung,  Pogg.  Ann.,  CLIX,  p.  1, 1876; 
Grotrian,  Pogg.  Ann.,  CLII,  p.  1,  1876;  ibid.,  CLX,  p.  1,  1877;  Wagner,  Wied.  Ann., 
XVIII,  p.  251),  1883,  and  others.  Grotrian  studies  tho  vibration  about  a  vertical  axis 
of  a  vety  large  horizontal  disk  snspcuded  iu  a  iiquid,  the  theory  of  which  experiment 
18  fully  known.  In  other  researches,  however,  Grotrian,  iu  common  with  tho  remain- 
ing physicists,  adopts  the  more  accurate  method  of  transpiration.  See  Graham,  **  On 
liquid  transpiration,  etc.,"  Phil.  Mag.  (4),  XXIV,  p.  2:J8,  1801. 

«NH4Cl,NIl4N03,NIl4Br,  KI,  KBr,  KNOa,  KCl (Sprung,  1.  c),  BaNOa  (Wagner,  1.  c). 

3 Similar  remarks  may  be  ninde  with  rcft'rcnco  to  the  capillary  aud  cohesion  con- 
stants of  liquids,  those  of  Gay  Lussac,  for  instance.  Cf.  Mousson,  Physik,  I,  pp.  263^' 
267, 1871. 
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farther  research;  aud  I  believe,  if  the  relations  in  question  are  system- 
atically studied,  that  the  quantitative  results  will  not  only  elucidate 
many  obscure  points  of  the  chemical  behavior  of  solids,^  but  that  they 
will  even  furnish  data  bearing  directly  upon  the  phenomenon  of  solu- 
tion. Solution  is  here  the  limit  of  turbidity.*  Indeed,  I  know  not 
whether  the  degree  of  extreme  divisibility  of  subsiding  particles,  or 
even  the  mean  size  of  the  particles  of  an  ordinary  precipitate,  has  ever 
been  systanatically  put  into  relation' with  the  conditions,  physical  and 
chemical,  under  which  subsidence  takes  place. 


1  Tbo  tendency  to  hydration  under  varying  conditions  of  mass  per  nuitvolnoie  of 
liquid,  for  instance. 
«  See  above,  page  12,  and  chapter  II,  p.  42. 
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CHAPTER   II. 

THE  DEPENDENCE  OF  RATE  OF  SUBSIDENCE  ON  ORDER  OF  SUR 
FACE,  CONCENTRATION,  AND  TURBIDITY. 

EXPERIMENTAL  RESULTS. 

Introductory. — In  this  chapter  it  is  my  object  to  begin  a  minute  study 
of  tbe  conditions  subject  to  which  a  column  of  turbid  liquid  must  pre- 
sent a  stratified  appearance.  The  turbidity  is  assumed  to  be  due  to  very 
finely  comminuted  insoluble  matter  which  the  liquid  holds  in  suspen- 
sion. 

The  strata  in  question  are  usually  characterized  by  sharp  upper  sur- 
faces, below  which  opacity  decreases  until  a  depth  is  reached  at  which 
another  surface  juts  out,  as  it  were;  from  this  point,  downward,  tur- 
bidity decreases  again  as  far  as  the  next  consecutive  surface,  and  so  on 
for  the  remaining  surfaces.  Particles  are  thus  aggregated  on  every  sur- 
face and  near  it  from  below.  If  we  suppose  depth  to  be  laid  off  verti- 
cally downward  and  opacity  hprizontally  to  the  right,  the  appearance 
of  the  tube  would  be  well  given  by  a  saw  placed  so  that  the  cutting 
edges  of  the  teeth  may  be  upward  on  the  right  and  nearly  horizontal ; 
in  other  words,  the  serrated  outline  of  the  diagram  passes  from  left  to 
right  downward,  indicating  a  general  increase  of  opacity  from  top  to 
bottom  of  the  column.  I  need  only  add  that  the  continuous  decrease  of 
opacity  for  parts  of  the  column  between  the  first  and  second,  second 
and  third  surfaces,  &c.,  is  not  so  marked  as  between  consecutive  lower 
surfaces. 

It  has  been  stated  above  (p.  20)  that  in  the  case  of  fresh  material  the 
surfaces  in  question  do  not  seem  to  appear  until  after  the  lapse  of  a 
large  interval  of  time,  say  one  to  two  hundred  hours;  but  when  the 
particles  have  just  undergone  subsidence,  strata  may  be  obtained  sooner. 
Again,  the  occurrence  of  pronounced  stratification  is  observable  sooner 
with  semitranslucent  than  with  very  opaque  mixtures ;  in  the  latter  case 
they  eventually  appear  in  greater  number  than  in  the  former.  Finally, 
after  the  strata  have  come  into  distinct  definition,  they  retain  their  indi- 
viduality until  they  ultimately  vanish,  or,  at  least,  become  too  faint  for 
measurement.  Fluctuation  of  temperature  interferes  with  sharpness  of 
outline.  In  the  present  paper,  however,  some  of  the  experiments  have 
extended  over  1,200  hours,  so  that  the  aggregated  effect  of  temperature 
is  probably  nil. 

The  general  method  by  which  I  hope  to  arrive  at  definite  results  on 
the  ultimate  cause  of  stratification  consists  in  a  minute  studj-  of  the  rate 
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at  which  sabsidence  takes  place  cousidered  in  its  dependence  npon  the 
order  of  the  surface^  the  concentration,  and  the  tarbidity  of  the  solution. 
It  will  be  convenient  to  number  the  surfaces  from  the  top  downward,  and 

distinguish  them  as  surfaces  of  the  first,  second,  third order.   Un> 

der  coDcentration  is  to  be  understood  the  number  of  grams  of  dissolved 
precipitant  per  cubic  centimeter  of  solution;  under  turbidity,  similarly, 
the  number  of  grams  of  insoluble  dust  of  a  given  kind  per  cubic  centi- 
meter of  solution.  In  tbo  present  experiments,  however,  it  has  been 
expedient  to  express  turbidity  arbitrarily. 

Data. — Tripoli  suspended  in  distilled  water  or  in  weak  brine  subsides 
at  rates  of  practically  convenient  magnitude.  This  mixture  has  there- 
fore been  used  in  the  present  work. 

The  first  series  of  results  refers  to  diluted,  i.  e.,  to  semitranslnccnt 
mixtures.  The  degrees  of  concentration  vary  from  0  to  1  per  cent,  of 
salt.  For  each  strength  of  brine,  moreover,  three  degrees  of  turbidity 
in  the  ratio  of  4:2:1  are  observed.  The  following  Table  12  is  a  clcnr 
exhibit  of  the  contents  of  the  several  tubes,  the  data  indicating  the 
number  of  cubic  centimeters  of  turbid  water,  brine,  and  clear  water 
mixed  in  each  case. 

Table  12. — Semitranalucent  mixtures  —  contents  of  iubfs. 


0  per  cent. 

0.1 

per  cent. 

0.2 

per  cent. 

InKredieiits. 

4 

2 

1 

4 

2         1 

* 

2 

1 

Tripoli  water.. 

cnbio  centimeters. 

40  ;      20 

10 

40 

20         10 

40 

1 

20  1        10 

Brino 

do 

0          0 

0 

1 

1           1 

2 

2:         2 

DUtUled  water 

do 

10         30 

40 

0 

29         .10 

8 

28  ■        3S 

1 

Ingredients. 


Tripoli  water cable  centimeters. 

Brine do 

Distilled  water do 


0.4  per  cent. 

0.0  per  cent. 

0.8  per  cent 

4 

2 

1 

4  12       1 

4,2       1 

40 

20 

10 

40  .  20     10 

40     20     10 

<l    4 

4 

C  ■    G       C 

8       8,8 

0 

26 

30 

4  ,  24  1  34 

2  1  22  1  32 

1  per  cent. 

I 

40     20  |.... 
10  '  10  1... 

0  :  20  .... 


Tripoli  water  used  after  standing  three  days. 

Brine:  10  grams  in  200  cubic  centimeters. 

TnboH  (diameter,  25mm. ;  length,  200mm.)  shaken  up  simultaneously  October  1, 1885,6  p.m. 

Table  13  gives  the  results  obtained  with  these  mixtures;  column 
first  contains  the  date;  column  second,  the  time  in  hours  elapsed  since 
the  beginning  of  the  experiment;  the  remaining  columns  indicate  the 
depth  in  millimeters  of  the  surfaces  of  demarkation,  for  the  condition 
of  concentration  and  turbidity  given  at  the  column  heading,  below  the 
surfiEtce  of  the  liquid  as  a  datum.  Whenever  the  column  shows  a  num- 
ber of  surfaces  (surfaces  of  different  orders),  the  depth  of  each  is  noted, 
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tbe  data  being  placed  vorfic^ally  above  one  another,  in  proper  sequence ; 
c.  denotes  clear. 

Tablk  13.—-  SemitranaJueent  mixtures  —  consecutive poaitiona  of  the  surfaces  of  demarkation. 


Date. 


October  1, 188:>. 
October  0. 1885. 
Octobers,  18g5. 


October  0,1885. 


October  10. 1886.. 

October  11, 1885. 

October  12. 1885.. 
October  13, 1885.. 


Tiipo  Oi  day. 


G  p.  m. 
7  p.m. 
10  a.  ID.. 


10  a.m. 


10  a.m. 


10  a.m. 


12m... 
1  p.m. 


0 

121 

100 


184 


208 


258 
283 


0  per  cent.      i      0.1  per  rent.         0.2  per  cent. 


0 

20 

26 

50 

70 

90 

32 

58 

80 

100 
85 
05 
90 

115 
40 
75 

44 

80 
40 


1         4 


0        0 

40  1  70 

I 
45     85 


00 


54 

100 


50 
110 


00 


05  I  e. 


72 


77  ,  c. 


0 

23 

27 

45 

70 

100 
35 
53 
82 

115 
38 
SO 
02 


0 
52 
05 
100 


0 
80 
97 


42 
07 
102 
45 
75 
50 
82,  I 


74 

120 


82 


112 


95 


102 


110 


I 


0 

25 

32 

45 

01 

90 

85 

55 

74 

105 
44 
84 


50 
98 

57 

105 

04 


GO 


0 

72 

02 


105 


82 


98 


Date. 

Time  of  day. 

h 

0.4  per  cent. 

O.G  per  cent 

0.8  per  cent 

1  per  cent. 

4 

2 

1 

0 
e. 
c 

4 

0 
65 
85 

2 

0 
90 
110 

1 

0 
e. 
c 

4 

0 

100 

c. 

2 

0 
c. 
c. 

1 

0 
e. 
e. 

4 

0 

e. 
c 

2 

0 

0. 

1 

October  1   1885 

Op.m 

7i».m 

10a.m 

10  a.  m 

10a.m 

10a.m 

12m        ..     . 

0 

121 

160 

184 
208 
232 
258 
283 

0 

0 

OfitobcrG  1885 

40     60 
50     75 

Octobers,  1885 

80 
60 

October  0  1885    

Kl 

t. 

e. 
c. 

e. 

0. 

c 
c. 

e. 
e. 

c. 
e. 

e. 

e. 
e. 

C. 

c. 

October  10, 1885 

72      c. 

nn4/t1  lAr  11    1 9iCi 

85 
95 
105 

October  ]*>   1885              .  . 

October  13  1885  .       .   . 

1  p.m 

i 

Table  14,  finally,  contains  data  for  the  rates  of  subsidence  of  each  of 
the  divers  orders  of  snrfaccs,  degrees  of  concentration  and  degrees  of 

turbidity  given  in  Table  13.    Rates  are  expressed  in  -j--     To  derive 

these  results  I  used  grjiphic  methods.    The  accuracy  thus  obtainable  is 
fully  in  keeping  with  the  accuracy  of  the  other  work. 
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Table  14. —  Semitranalucent  mixtures — rates  of  duhatdenoe. 


Onler  of  siirfaco. 

0 

per  cent. 

0.1  per  cent. 

4 

2 

1 

4         2 

1 
0  C3 

1 

0.10 
0.32 
0.44 
0.50 

0.28 
0.54 

0.54 

0  18     0  40 

2 

0. 28     0. 04 
0. 44      

3 

4 

0.C2    

0.2  per  oent 


.    0.30     0.SG 
.;  0.40 
.1  0.57 


0.57 


Order  of  surface. 

0.4  per  cent. 

0.6 

per  cent. 

0.8 

percent 

4          2 
0.35  '  0-4A 

' 

*  1  ==  ,  ' 

4     '     2 

1 

1 

0.54 

0.71 

0.82 

2 

0.50 

1 

3 

4 

1 

1 

The  next  three  tables  are  constructed  on  a  plan  identical  with  that 
pursued  in  the  cases  of  Tables  12,  13,  and  14.    Time,  &,  is  given  id 


mm 


Lours,  depth  in  millimeters,  rate  of  subsidence  in  ^-    I»  addition  to 

the  experiments  with  water,  it  was  found  convenient  to  compare  tbe 
rates  of  subsidence  in  pure  water  and  in  water  charged  with  alcohol  and 
with  ether,  respectively,  in  the  proportions  specified  in  the  lastfoar  col- 
umns of  Table  15. 

Table  15.—  Opaque  mixtures  —  contents  of  tubes. 


Ingredients. 


0  per  cent. 


2!l 
I 


Tripoli  water cubic  centimeters . . 

Brine do 

Di8tille<l  water do 

Alcobol do 

Kther do 


60  i  30 
0  \    0 


10     40  1  61 


I 


0.5  per  cent.     1  per  cent.       Alcohol.    :     Etber. 
1       W.       A.       W.      E. 


4    I    2       1 


00  30  15  00 
8  8  8  I  10 
8     38     53 


I 


W. 
GO 

20 


60 


•I 


20 


Tripoli  water,  densely  opaque. 

Brine,  10  grains  iu  200  cubic  centimeters. 

Tubes  (diameter,  25  mm. ;  length,  200  mm.)  shaken  np  simultaneously  Octob4«r  3, 1885, 12 1 
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Table  16.— Opaque  mixtures  —  conseeuiive poeiHons  of  the  surfaces  of  demarkaiion. 


Date. 


October  3, 1885 . 


October  10, 1885 . 


October  11,  1885 . 


October  12, 1885 . 


October  13, 1885  . 


October  II,  1885 . 


October  16. 1885 . 


October  17, 1885. 


October  19, 1885  . 


Time  of  <     j^ 
day.      I 


0  per  cent.  |  0.5  per  cent  i  1  per  cent,  i  Alcohol.   Ether. 


12  m.... 


10  fl 


<  I  2  I   1  !^* 


1      \V.    A.    W.    E. 


166 


10a.m..     190 


12] 


1p.m.. 


6  p.m. 


9  a.m.. 


2  p.m. 


Oo.  1 


216 


241 


269 


10     17 
(a) 


25 
65 
00 
110 
13  ,  22  I  30 


0  1    0  ; 


Stibsidonco  takes  placo  I 
in  the  ratio  of  conccu- 
traiion  niid  turbidity,  i 
and  is  almoAt  coniple'ti;  I 
in  fractions  uf  an  liour.  I 
No  demarkation.  I 


I 


CO     07 


....  75  100 

....|  95  il20 

15  27  I  34 

....[  70  I  80 

....I  85   110 
....|104   145 

10  I  30  '  40 


....52 

(a)'  05 
....|80 
....jiOO 
....1125 

22  I  35  I  45 
....:  55  I  07 


309 


70  140 
00 


52 
65   111 

78 


....  110 
....140 

25 

38 

50 

63    100 

73   125 

85 

105 

338  I  20  '  42 

!  44     70   123    ....| 


381 


.l....|. 


I  56  83 

60  110 

,  81  138 

05 
112 

33  40  I  68  ,....| 

53     80   135  I 

CO  j  06  I....'....; 

80  124  '        I        i 


107 
120  I 


I 


I 


Olncipieot  stratification. 


6  Ci^Ionju  turbid. 
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'(&); 


(6) 


.  I  30  ,  00  I  23     (b) 
.!  50     (fr)     34  ' 


,  5C 

I  7-1 

i<8 


I 


84 


Digitized  by 


Google 


46  SUBSIDENCE  OF  FINE  SOLID  PAiiTICLES  IN  LIQUIDS.     [bullMl 

Tabus  1G.—  Opaque  mixtures — oonBecutive  poiiiUme  of  the  eurfacee,  #'C.  —  Continiied. 


0  per  cent. 

0.5  per  cent 

1  percent  1  Alcohol. 

Ether. 

Dato. 

Time  of 

h 

1 

day. 

4      2 

1 

4      2 

1 

4       2       1    iW.   A.  Iw.'k. 

October  20, 1885 

8  a.  th  . . 

404  .  34     50 

74 

....!-- 

....1  --- 

50 

75 

32 

i  55     8t 

70 

45 

:  70  100 

'  83   130 

90 

, 

.... 

98 

1 

ill? ; 

-      !l38  , 

October  21, 1885 

8a.  m.. 

428  '  38     5.') 

75 

51    .... 
71 

38 

59 

90 

75 

lit 

....    02 

;  00 

130 

:103 

i 

'l22  1 

N5 

October  22, 1885 

8  a.m.. 

452  :  39 
62 
80 

59 
93 

80 

54     R*^ 

39 
54 

75 
100 

.... 

05 

; 

108 

128 

152 

j 

October  23, 1885 

12111.... 

480 

40 
05 

GO 
100 

85 

57     ^ 

40 
60 

81 

.... 

85 

104  . 

! 

117 

1 

! 

137 

1 

October  24, 1885 

2  p.m.. 

500 

45 
70 
89 

GG 

107 

00 

64 
90 

01  '  'A 

63 

109 

122 

145 

October  25, 1885 

0  a.m.. 

625 

45 
72 
92 

08 
110 

93 

05 
92 

95 

45 



113 

, 

125 

1 

' 

147 

1 

1 

October  ?6,  1885 

8a.m.. 

548 

40 

70  ,  no 

1 

G5 

96 

47 

74    118 

"■"!■■•■ 

....|.... 

... 

95 

05 

....j.... 

119 

130 

' 

October  27, 1885 

8  a.  m.. 

572 

50 

74 

101 

1 

70 
98 

100 

50    '«) 

78  !l20 

— 1 — 

......... 

100 

' 

i      1 

125 

. 

135 

aColumu  turbid. 
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Tabus  16.—  Opaque  mixiwea — oansecutivc  posHioHs  of  the  surfaces,  ^*c.— CoutiDiiud. 


Dato. 


October  28, 1885 . 


October  29, 1885 . 


October  31,  1885 . 


November  2,  1885  . 


November  3, 1885. 


Novembers,  1885.. 


November  9, 1885., 


I  Time  of  ! 
day. 


8a.  m.. 


1p.m. 


9  p.m. 


10  a.m. 


8a.  m. 


7  a.  m. 


12  m. 


0  per  cent.     0.5  percent  i  1  per  cent.    Alcohol. i  Htlit'i-. 


1   !   4 


1       4 


1   IW.!  A.  \\Y.    K. 


506     51  I  75  jllO  I 

80    125      ..  I 


C25 


€81 


80  113 


85   131 
108 
134 
149 

59 


740 


787 


85  ,118  I 


01    140  I 
118 
141 

G2 

97 
125 

G3 

00 
120 


01 


99 


November  13, 1885 |    9p.ni..     003 


I 
Gp.m..|l,230 


November  23, 1885. 


103 
133 
07  , 

79  ;iio 

118 
149 
87 
120 
104 
150 


127 


124 


120 


133 


U7 


(a) 


(a) 


.102 


.100 


80 


103 


107 


113 


83   118 


80  1120 


90 


51 


56 


59 


\{b)    ...     ib) 


a  Clear. 


bColiimu  tuibitl. 


Table  17. — Opaque  mUturta — rates  of  suhsidence. 


Order  of  snrface. 


0  per  cent. 

Tr2T 


I     Water.     !      Elher. 
1        AV.        A.    '   AV.    ,    E. 


I 


I 


0.12     0.17     O.li     0.17     0.03 
0.20     0.3C     0.17      ....   I  0.12 


1 1  0.08 

2 1  0.13 

3 j  0.17  I  0.25  ;  0.51     0.22      .... 

4 1  0.21     0.32     0.65     0.25  •  .... 


....    0.24  I. 0.40 

I    r    -    '    -    -    I 


6 0.28     0.51 

7 '  0.33  I 
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A  few  remarks  on  these  tables  are  in  place  here.  The  observation 
that  distinct  stratification  is  an  earlier  occurrence  in  translacent  sola- 
tions  than  in  very  opaque  solutions  is  well  shown  by  the  data  in  Table 
IG.  The  alcohol  and  the  ether  solutions  remain  turbid  during  the 
whole  of  the  1,230  hours  within  which  subsidence  is  in  progress.  The 
descending  surface  in  alcohol  (very  dense)  must  therefore  be  of  an 
order  higher  than  the  first.  Possibly  the  persistent  turbidity  may  be 
connected  with  slow  evaporation  of  alcohol  or  of  ether  out  of  the  solvent 
water.  Where  subsidence  takes  place  too  rapidly  for  the  formation  of 
suri'aco8,  no  data  are  given,  since  those  results  would  not  be  com- 
parable with  the  other  datii,  and  the  qualitative  character  of  the  phe- 
nomena has  already  been  fully  given  in  Chapter  I. 

The  term  translucent  solution  is  used  interchangeably  with  dilated 
mixture,  opaque  solution  interchangeably  with  dense  mixture.  The  ex- 
treme members  of  the  dilute  and  of  the  opaque  series  differ  largely  in  tur- 
bidity; but  the  degrees  of  turbidity  of  the  intermediate  members  (i.  e,, 
high  degrees  for  translucent  solutions  and  low  degrees  for  opaque  solu- 
tions) probably  overlap, 

DEDUCTIONS, 

The  discussion  may  expediently  be  made  to  conform  with  the  general 
plan  pursued  in  the  experiments.  Bate  of  subsidence  is  therefore  to  be 
studied  with  regard  to  its  dependence  on  order  of  surface,  on  concen- 
tration, and  on  turbidity. 

Surfaces  of  different  orders. — Turning  first  to  the  data  for  diluted  mix- 
tures, Table  14, 1  find  three  series  of  results  available  for  comparison. 
In  these  there  appears  a  distinct  tendency  of  rate  of  subsidence  to  aug- 
ment by  nearly  the  same  increment  on  passing  each  of  the  consecutive 
surfaces  of  demarkation.  In  the  case  of  one  and  the  same  column,  there- 
fore, like  differences  of  order  correspond  approximately  to  like  differ- 
ences of  rate.  This  deduction  is  nearly  true  for  the  0  per  cent,  solu- 
tions, and  true  to  a  smaller  extent  for  the  0.1  per  cent,  and  0.2  per  cent, 
solutions. 

It  is  remarkable  that  as  far  as  the  0.6  per  cent,  brines,  the^  lowest  sur- 
faces for  all  turbidities  and  concentrations  have  like  rates.  This,  how- 
ever, may  be  merely  accidental,  so  that  if  the  tubes  had  been  of  greater 
length  the  result  would  no  longer  hold.  Any  rate  in  turbidity  1  is,  as 
a  rule,  repeated  in  turbidity  2;  rates  in  turbidity  2  are  repeated  in 
turbidity  4.  When  turbidity  decreases,  greater  rates  are  more  fre- 
quently repeated  than  smaller  rates.  We  are  thus  inclined  to  infer 
that  for  continued  dilution  the  column  of  finer  material  eventually  be- 
comes so  nearly  transparent  that  the  surfaces  escape  detection ;  but 
this  explanation  is  not  valid,  as  will  be  shown  presently  in  the  case  of 
opaque  mixtures.  For  brine  of  greater  strength  than  O.C  per  cent,  the 
observations  lose  in  accuracy,  and  we  begin  to  encounter  i»arked  evi 
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deuces  of  the  effect  of  salt.  Finally  the  increment  of  rate  from  sorfaoe 
to  surface  is  aagmented  in  marked  degree  in  proportion  as  the  torbid 
column  approaches  translucency. 

With  these  suggestive  results  in  hand  it  is  well  to  turn  for  further 
corroboration  to  the  experiments  upon  opaque  solutions  given  in  Table 
17.  The  three  degrees  of  turbidity  of  the  0  per  cent,  solutions,  as  well 
as  the  water  of  the  alcohol  and  the  ether  series^  are  here  available  for 
comparison.  The  evidence  given  by  all  of  these  corroborates  the  de- 
ductions made  above  in  a  very  satisfactory  manner,  viz :  for  one  and 
the  same  turbid  column  the  rate  of  subsidence  tends  to  increase,  step 
by  step)  in  regular  order,  downwards.  If  mere  dilution  were  of  moment 
here,  the  upper  layers  would  subside  fastest.  The  column,  which  at  the 
outset  is  continuously  opaque,  splits  up  into  periods  of  nearly  the  same 
value.  Again,  the  increment  of  rate  of  subsidence  corresponding  to  two 
consecutive  surfaces  is  manifestly  smaller  for  opaque  than  for  trans- 
lucent solutions,  and  varies  quite  regularly  with  the  degree  of  tur- 
bidity.   This  result  is  fully  confirmed  by  the  data  for  dilute  solutions. 

The  very  satisfi^ctory  accordance  of  all  data  in  hand  may  be  shown 
graphically  by  regarding  rate  of  subsidence  as  a  function  of  order  of  sur- 
face and  constructing  the  linear  loci  on  which  the  isolated  points  of  ob- 
s*  rvation  approximately  lie.  This  has  been  done  in  the  annexed  Fig. 
3.    If  these  lines  taken  as  a  whole  be  prolonged  in  the  direction  of 


^  J  ^  J  ^-  > 

Fig.  8.— Belation  of  rmte  of  rabeidenoe  to  order  of  surface  for  different  degrees  of  turbidity. 

order  decreasing,  we  infer  from  the  positions  of  the  divers  points  of 
intersection  with  the  axis  X,  that  probably  only  one  or  at  most  two  sur- 
faces  of  very  slow  rate  have  escaped  detection.  Whether  or  not  such 
prolongation  be  permissible  remains  to  be  seen,  but  the  particles  belong- 
ing to  one  of  these  surfaces  are  probably  the  cause  of  the  permanent 
opalescent  turbidity  which  frequently  remains  after  measurable  sub- 
sidence is  complete. 

Concentration. — In  the  case  of  dilute  mixtures  turbidity  4,  surfaces  1 
and  2,  and  turbidity  2,  surfaces  1,  are  available.  It  appears  that  rate 
of  subsidence  as  a  function  of  concentration  varies  at  a  gradually  ac- 
celerated rate,  almost  imperceptibly  between  0  per  cent,  and  0.2  per 
cent. ;  more  rapidly  from  0.2  per  cent.  on.  Surfaces  are  obtainable  even 
as  far  as  1  per  cent.    In  the  case  of  very  opaque  solutions  surfaces  are 
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no  longer  obtainable  even  for  brine  of  a  few  tenths  per  cent,  of  strength. 
Here,  therefore,  rate  of  subsidence  increases  with  concentration  mnch 
more  rapidly  than  holds  for  dilate  mixtures. 

Turbidity. — In  the  case  of  opaqae  solutions  the  six  consecutive  sur- 
faces of  the  0  per  cent,  series  are  available.  The  data  show  that 
velocity  of  subsidence  diminishes  at  a  gradually  decreasing  rate  as  tur- 
bidity increases.  This  diminution  is  more  pronounced  for  the  upper 
rapidly-falling  surfaces  than  for  the  lower  surfaces  of  slower  descent 
Regarded  as  a  whole,  therefore,  the  curves  converge  more  and '  more 


d  i  ^  J  4  s 

Fio.  4.—  Kelation  of  rate  of  sabsldence  to  turbidity  for  coDseoative  orders  otaxnfBuow. 

nearly  in  proportion  as  the  original  coJumn  is  more  opaque  (Fig.  4). 
Hence  for  very  opaque  solutions,  cseteris  paribus,  the  curves  probably 
converge  in  the  rate  of  subsidence  zero.  In  other  words,  the  tendency 
is  toward  permanent  opacity  without  stratification. 

All  these  inferences  are  sustained  by  the  data  in  hand  for  translucent 
solutions,  where  first  surfaces  of  the  0.0,  0.1, 0.2, 0.4  per  cent,  solutions, 
and  second  surfaces  of  the  0.0, 0.1,  and  0  2  per  cent,  solutions  have  been 
compared.  Unfortunately,  the  results  for  opaque  and  for  dilute  solu- 
tions are  on  a  different  scale  of  turbidity.  It  is  a  question,  moreover, 
whether  surfaces  of  like  order  can  be  at  once  co-ordinated,  so  that 
further  inquiry  into  this  subject  will  be  desirable  and  fruitful. 

Temperature. — It  has  already  been  pointed  out,  as  a  result  of  the  error 
introduced  by  temperature,  that  the  actual  locus  does  not  necessarily 
pass  through  the  origin.  This  assumption,  therefore,  is  only  partially 
correct.  It  is,  however,  the  only  method  of  representation  which  may 
be  consistently  applied  throughout.  I  may  add,  that,  columns  of  liquid 
placed  side  by  side,  show  parallel  variations  of  temperature  discrep- 
ancy. If  the  surfaces  observed  above  were  due  to  temperature  only, 
then  we  ought  to  find  traces  of  a  daily  effect.  Ip  the  1,230  hours  of 
examination,  therefore,  fully  fifty  such  surfaces  should  be  anticipated. 
Tbe  i>henomenon  observed  is  essentially  different  from  this. 

Sedimentation  battery, — The  experiments  made  suggest  the  following 
scheme  for  researches  of  a  final  kind :  The  tubes  for  subsidence  should 
be  60  cm.  long  and  about  3  cm.  wide.  This  will  give  assurance  not  only 
tbat  all  surfaces  have  been  detected,  but  will  enable  the  observer  to 
follow  each  one  through  a  large  interval  of  descent.    These  tubes  (36  to 
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100)  are  to  be  conveniently  arranged  in  tiers  of  say  6  to  10  in  each  hori- 
zontal row  and  the  same  number  in  each  vertical  row.  Where  brine  and 
tripoli,  for  instance,  are  the  ingredients,  the  degrees  of  concentration 
0.0,  0.1,  0.2,  0.4,  0.6,  0.8, 1  per  cent,  (horizontal  row)  and  the  degrees 
of  turbidity  1,  2, 4,  6,  8, 10  (vertical  row)  will  probably  suffice  to  enable 
the  observer  to  follow  all  the  essential  phenomena  closely.  It  is  highly 
desirable  that  each  tube  be  provided  with  a  millimeter  scale  (etched). 
It  is  necessary  that  the  battery  be  placed  in  a  room  whose  temperature 
is  constant.  Great  pains  must  be  taken  to  detect  and  observe  all  sur- 
faces, and  even  to  seek  for  such  as  are  apparently  invisible,  by  some  such 
method  as  that  described  in  the  text,  page  49.  The  experiments  must, 
of  course,  be  extended  to  a  variety  of  subsiding  solids.  They  must  fre- 
quently be  repeated  to  exhibit  the  time  efTect  of  the  action  of  the  liquid 
on  the  suspended  solids. 
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